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Hardy, Williams 


Yellowknife, N.W.T. 


April 10, 1975. 


(PROCEEDINGS RESUMED PURSUANT TO ADJOURNMENT) 


MR. GENEST: Mr. Commissioner, 
before Mr. Scott resumes, Dr. Clark has a correction 
I believe to make to some evidence thi = he gave 
yesterday about drill holes. He's concerned that he 
may have given an incorrect impression. 

DR. CLARK: Yes, we were dis- 
cussing Swimming Point, Mr. Commissioner. After the 
discussion, I had the opportunity to have a close 
look at the drawings to which Mr. Scott and Dr. 
Hollingshead were referring, and I found that all of 
the drill holes that had been drilled are-in fact 
shown on that cross-section, and are extracted from 
a report entitled "Investigation of Major River 
Crossings in the Northwest Territories" by R.M. Hardy 
and Associates, for Northern Engineering, and it was 
dated June, 1974 and its number 257 on the list of 
reports. 

DR. HOLLINGSHEAD: Excuse me, 
Mr. Commissioner. If I could have just another 30 
seconds to clarify the record with regard to the 
calculation of these volumes that we were thrashing 
around yesterday. 

MR. GENEST: That's the 
volumes of -- 


DR. HOLLINGSHEAD: The volumes 
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ni of the trench at the Point Separation crossing, -- 
2 to calculate those volumes, one would simply 
A multiply the average cross-sectional area of the | 
4 trench. Multiply that by the length of the trench 
5 andr divide dil bys”? tomeconvert 2t to cubic: yards, 
6 | and I beleve that for the preliminary designs as it 
7] stands, the downstream crossing which was the first, 
8 the figure was about three-quarters o = a million | 
9 | cubic yards and for the upstream, or the second | 
Sal crossing, it would be of the order of one million | 
pean | cubic yards, for a total of one and three-quarter | 
aha | midijoen cubic yards’. | 
13 | THE COMMISSIONER: That was | 
14 | Point Separation, the two trenches at Point Separat- | 
Yor ion? 
16 | DR. HOLLINGSHEAD: The twin 
Le? crossings at Point Separation, sir. 
18 MR. SCOTT: Mr. Commissioner, | 
| 
19 could I tender as an Exhibit, this peat bog drawing? | 
20 As number -- 
THE COMMISSIONER: Speckled bog 7 
ae 
a3 ; MR eoCO Mie asl misCrry: 
24 | 
| 
25 | (SPECKLED BOG COMPLEX DRAWING MARKED EXHIBIT 
26 NUMBER 95) 
al 
28 
ao 
30 
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1 JOHN IVOR CLARK 
GARRY WOOD HOLLINGSHEAD 
2 EDWARD CHARLES McROBERTS 
WILLIAM ALEXANDER SLUSARCHUK 
3 NORMAN REUBEN MORGENSTERN 
RICHARD H. COOPER 
4 R.M. HARDY 
GUY LESLIE WILLIAMS, Resumed: 
S ! 
| | 
6 | 
CROSS-EXAMINATION BY MR. SCOTT, CONTINUED: 
7 || 
8 | | 
Q Dr. Slusarchuk, yesterday | 
9 
we dealt with the Calgary test site, and I'd like to | 
10 
deal briefly with the other three. Are you the person | 
ea 
EOuwnonue! senhould "di rece stnesquestions, or as that =--- | 
ee 
is it Mr. Williams or -- or shall we just try you and | 
13 | 
14 | 
A Okayi, Si: 
15 
Q -- if we need assistance 
16 || : 
or advice or advice from anybody? 
7 
Now, I take it as a matter of 
18 
general principle, that it was considered by the 
19 
company, or the predecessor company necessary to 
20 | 
establish Arctic test facilities, to provide precedent | 
a1 
or experience in the design, construction and perhaps 
22 | 
to a limited extent, the operation of buried chilled | 
pe 
line in permafrost terrain. Would that be correct? 
24 
WITNESS WILLIAMS: | 
25 
| A Yes, I think that is one 
26, 
of the reasons I gave in that slide presentation of 
py | 
why the test facility was constructed. 
28 
Q I take it that that is the 
29 
substantial reason, that in fact there is no other 
30 








































| CANMROIEMEWON GOW VARA av 
(OTH IHOROM Sia AHS. fabst : aa | 
RUWIAACU APCMAKE IA. MATE i es 
PAATSNSOROw VAROAN WAM a - by 
ru T ae 
i WEHOOD Ff OA RADIA » if a 
YaaAn OMe  <0"eae 
Pi vhamuaet , TALI ATE AS Yo 7 7 
ddl 
7 a] 
! - 
fn _¢ >. 
sOGUUL THOS .TWODR «<A ve WOLTAMEMARE ~2 308: 
: _ ‘ 
2 : 
7 “4 
yoab or aa Q up 
oi i 4 senile) edt neow t+iseb ow 
lL mTeeiog yevstet (4 it adiw ybtetad [seb 
ct i+ toerih biuere T monw oF 
} 
fine ‘ i ~~ to aneitliW .aM 3E SE 
= f 7) 
oF if 
1 hyes i - % 
hodyns mowt suivbse to exivbsa 10 
ie 145 i wel 
igs Aw) sew ot and ,sliqionitg Ist6enep | 
aon acegeeebeag els 10 ,yasqmoD 
| & i 
| tnebevet6 sbivosg of atd¢tizont Feet oltowA Aaticsses | 
| 
. aqenited Go nereeb off mi eanatireqxe 20 
a_Gh 
| BetLide bert , gotaessdo sult ,gneaee bodtmil 6 od 
ttnertxou ad ose bIMOW .finwtesd taordemieq mi oak 


eno at tarid 


edd ei ted? set 


tenso of 





MAID AOVE vt / 


: AMATO IW 
Jnkas I 
29 noitetnseo%q ebile gonz nt ove 

. betouts nett baw ant 
th odes e+ 


wate 


MMT Del 7 
' - : a 
, ea fy 








— 


z. 


oat ye fie 


3261 


ALLWEST REPORTING L.TD. Clark, Hollingshead, McRoberts, 
Pol) ee Slusarchuk, Morgenstern, Cooper, 

















Hardy, Williams 
Cr #eExamvibysSeott 


reason? That's why you have the test sites? 

A Would you repeat the reason 
again, please? 

Q The reason is the reason 
that you have, the purpose being to provide some 
precedent or experience in the operation of this type 


of line in the terrain? 


A Yes, I think broadly speak- | 


ing, that covers the more detailed reasons that I 


suggested. 
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Clark ,Hollingshead,McRoberts 


Slusarchuk ,Morgenstern,Cooper 


Hardy ,Williams 

Cross-Exam by Scott 

Q And the Prudhoe Bay 
test-site, I understand, reviewing your evidence, that 
construction commenced there about March of 1971. 

A Iuthink,»thathdsacorrect. 
I don't recall giving evidence to that effect. None 
of the panel were involved in the construction of the 
Prudhoe Bay test site. 

Q Well, see reference 
I think is page 28 of the application; and I understand 
that construction commenced at Sans Sault in January 
of 1971, preceded by preliminary site investigation 
in June of 1970. 

A Yes, actually the road 
construction at Sans Sault started in July, late July 
0f£11970.. 

Q And that construction 
at Norman Wells was commenced in April or early in 
Lod 14 

A titchink,that's,correct. 

Q Now I take it from those 
dates that it is reasonably obvious that the decision 
on the location of the sites must have been made in 
1970 or earlier. | 

A That is certainly 
correct with respect to Sans Sault. 

Q Yes, well what about 
Prudhoe Bay, construction commenced there in March of 
1971. Wouldn't it be a fair inference that the 


selection of that site had occurred in 1970? 
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Clark,Hollingshead ,McRoberts 
Slusarchuk ,Morgenstern ,Cooper 


Hardy ,Williams 
Cross-Exam by Scott 


A Lwneallyngust..don’t 
know 4MrshScotts 

Q And with respect to 
Norman Wells, construction was under way there in 
April of 1971, wouldn't you agree with me that the 
site was probably selected in 1970? 

A Again I'm not sure, 
buteLrt could be late 470 or early ‘J. 

WITNESS HARDY: I have a 
Littler bit.eof backgroun d on that, Mr. Scott, that 


Might be useful as far as the Norman Wells site is 


concerned. Thesqroup that planned’ that, I don’t 
think, were organized in the summer of 1970. The 
Site -- the first dealings I had with them was the 


fall of 1970, and they were just organized. 

So that it was the organiza- 
tion or the planning of the test-site at Norman Wells 
was done on a very rapid program, almost a crash 
program. There were two competing groups, you see, 
and the second group that put in the test facility 
at Norman Wells was trying to catch up time-wise. 

Q So would you agree then 
that the site at Norman Wells was probably selected 
in late; 1970? 

A I would agree with that, 
yes. 

Q Well now, I take it, 
Mr. Williams, that in 1970 the major source of infor- 


Mation available to the owners was the Mackenzie 
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Clark,Hollingshead,McRoberts 
Slusarchuk ,Morgenstern,Cooper 
Hardy ,Williams 

Cross-Exam by Scott 


Valley Pipeline drill-holes of which there were a 
considerable number? 

WITNESS WILLIAMS: Yes, that 
drill-hole information was mainly in that report by 
Ripley - Klowne done for the Mackenzie Valley 
which the Northwest project participated in, and 
received that information. 

Q Yes) ®ang wnethat"report, 
I think, as I understand it, dealt with some 750 
drill-holes, approximately. 

A rao t recall bute that 
sounds reasonable. 

QO And that virtually none 
of them were on the route, and some of them were some 
distance away from the route. ' 

A Which route, sir? 

Q The ultimate route of 
the pipeline, the ultimate route that the applicant 
has chosen. 

A I would think there were 
some that were fairly close to the present route on 
the east side of the river. Certainly there were some 
on the west side of the river. There were quite a few 
on the interior route, and I think there were a few 
along the Yukon Coast, not’ too;many but =-there/were 
some along the east side of the river. 

O Would you agree with me 
that the majority of them were some distance from the 


ultimate route? 
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Clark Hollingshead,McRoberts 
Slusarchuk,,Morgenstern,Cooper 
Hardy ,Williams 

Cross-—Exam by Scott 


A I would take your word 


for it probably. 

MR. GENEST: Is’ that your 
information? 

MReasCOTTHeThatisemywintor= 


mation. 


MR. GENEST: I think we can 


take that; if we dispute it,I think we can accept 


that kind of statement. 

MR. SCOTT: Yes 

Q And with respect to 
those drill holes, I understand that you had avail- 
able to you the bore hole logs. 

A Mesesix. 

Q Yes, but that there was 
no personal knowledge on the part of the applicant 
or Northern Engineering of any of those drill holes. 

A We did not participate 
in the taking of field data collection of that 
information, no. 

Q Wed, tdvputvaitt toryou 
that that was the -- apart from inspection by sight-- 
that was the information that you had at hand that 
enabled you to select these three Arctic test sites. 

A Again I can only speak 
for the Sans Sault site. We had that information and 
we had terrain typing information by Dr. Mollard, 
and we had reconnaissance trips along the valley, 


inspection trips at sites along the proposed route. 
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Clark ,Hollingshead,McRoberts 
Slusarchuk ,Morgenstern ,Cooper 


Hardy ,Williams 
Cross-Exam by Scott 


Q Yes.eai- taker re chat 
another company made the selection at Prudhoe Bay and 
at Norman Wells. 

A Certainly Northern 
Engineering were not involved in the selection of 
those sites. 

Q So you have no way of 
knowing the basis on which they were selected of your 
own knowledge within your company. 

A That Ts rLont, Only wha 
we read in the reports. 

Q Well, Mr. Williams, at 
least with respec _t to Sans Sault, of which you do 
have personal knowledge, I suggest to you that Dr. 
Mollard's terrain typing was not available in 1970 
at the time the selection at Sans Sault was made. 
Does that refresh your memory? 

A Oh, I think he had -- 
I'm pretty sure, I'm certain he had done a fair bit 
of terrain typing in the Mackenzie Valley at that 
time, and I think he had some high level photography, 
high level government photography encompassing the 
Sans Sault site. 

Q Welitelet me just == 

WITNESS HARDY: I am positive 
from my own connection with the selection of that 
site and the input that R.M. Hardy & Associates had 
that Dr. Mollard was a participant in discussions on 


the selection of the Sans Sault Rapids test facility. 
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Q Well perhaps Dr. Mollard 
should be allowed to speak for himself, and I refer 
you, Mr. Commissioner, to his evidence in Volume 18 
at page 2058, which I will read beginning at Question 
23e=“rathquestion( ont dines23% 
at am concerned about that, and 


the previous pages deal with the question of when the 


terrain typing was done. “I'm concerned about that, 


doctor, because the canned evidence, if I can use that: 


expression, reveals that a route was given to the 
consultants at a certain period of time and I presume 
that a route would not have been selected without 


your terrain analysis maps. 


'! 


Slusarchuk, Mortenstern, Cooper, | 





Now, does that help you to tell' 


me when you got in to the hands of Northern Engineer- 
ing, the terrain analysis map that deals,with this 
corridor in substance? 
nA Well, I really cannot tell 
you the date because we did it over such a 
period of time and I think the major part 
of, it was. done in '72, though. That would be 
my recollection, 72, weer = 
Now gd putrmat 10.:/0Uj—aeMr, 
Williams, that if Dr. Mollard is correct, that the 
substantial part of his work was done ain,.'72-73, it 
would follow that you would not have available that 
work at the time when the Sans Sault route -- I'm 
sorry, when the Sans Sault site was selected? 
WITNESS WILLIAMS: I'm 


sure that the work that Dr. Mollard is referring to 


| 


| 
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there is the work along the route that was adopted 
after the merger of the Gas Arctic System and the 
Northwest Project, which is on the east side of the 
Mackenzie River. Prior to that, Dr. Mollard had done 
considerable terrain typing along other routes for the 
Northwest Project, and Mackenzie Valley Oil Pipeline. 


Part of that work was -- the work 





for Northwest Project in 1970 and '71, was along the 
west side of the Mackenzie River. Part of the work 
that Dr. Mollard did in that same period was for 

Mackenzie Valley Pipeline, which was -- which part 


of the route was along the east side of the river. 





and Mackenzie Valley. We shared the costs of the 
photography, and Dr. Mollard's services. 

Q Just so we'll have it, is 
it your position that Dr. Mollard's recollection is 
faulty, or that he is mistaken in his dates? 


A No, he was referring to the 








route tht was selected after merger, the one for 
Canadian Arctic Gas. 

0) Well, what precisely did 
you have from Dr. Mollard in 1970, according Lo" your 
recollection? 

A For the Northwest Project 
we had terrain typing on photography. In Alaska, 
in the interior route, in Canada, along the coastal 
plain in Canada, and the -- and along the west side 
of the Mackenzie River down to Camsell Bend, and from 


there to a point about -- terminating about Cold Lake, 





{ 


He did this work jointly for formerly Northwest Project 


| 
| 
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Alberta’ 

Q And I take it that since 
enae time you have continued to make proposed alterat- 
ions or alternatives to the route, leading to the 
two alternatives or quasi~alternatives that were put 
before us close to the opening of this inquiry, the 
Fort Simpson route change and the cross-delta con- 
sidered proposal, if I may call it that? 

A We have considered many 
alternatives since that time. Originally, the two 
major alternatives were the coastal route and the 
interior route, but we are constantly looking 
to try to improve the routing. 

Q The point I am making, 

Mr. Williams, is that I understand from he evidence, 
the canned evidence, and what has been said here, 

that these test facilities are of considerable 

importance? You don't disagree with that, do you? 

A No sir. 

Q And they're relied upon, by 
the applicant, as proof in part, that the concepual 
theories advanced will work out? 

A Yesy;esir. 

Q And indeed in the canned 
evidence at page 8, the answer is 

"The test facility sites were 

carefully selected to provide permafrost and 
terrain conditions which were representative 
of considerable lengths of the proposed route, 


as it was realized that the pipeline would 
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encounter terrain units and conditions ayre@tent 
from those that could be selected at any given 
site, the site conditions selected tended 
towards the more difficult end of the possible 
range". 

Now, I suggest to you that that 
statement goes a little far, doesn't it? 

A No sir, I agree with that 
statement, with respect to Sans Sault, of which I 
have particular knowledge. 

Q Well, what about the other 
two? 

A Well I know, for instance, 
that the Norman Wells site is located in Dr. 
Mollard's terrain unit GLB which we considered to be 
one of the more difficult terrain units along the 
route. 

Q Well let me suggest to you 
that at the time the selections were made, the appli- 
cant had very little knowledge indeed of the precise 
terrain typing or of the route that it would ulti- 
mately advance? 

A Certainly with respect to 
Sans Sault, when the test site was selected, we were 
considering a route along the west side of the 
Mackenzie River, yes. 

Q And what happened is even 
after you moved to the east side, you've changed 
almost half of it, or are close to changing half of 


it, since then? 
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A Yes, but we are in very | 
Similar terrain units as,.defined by Dr. Mollard, 
whether you are on the east side or the west side of 
the river. 

Q Well, is it really intended | 
to advance the proposition that in 1970, these three | 
sites were selected with any knowledge of what the 
ultimate route would be? | 

A We had routes selected 
there that are not the route as Bion Digits Ludon,” t 


| 
| 
think that's a major factor in selecting test sites. 
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Q How can the applicant 
say that the sites were selected to the more difficult 
end of the possible range when it wasn't known where 
the route was going to go? To begin with, you end up 
on the wrong side of the river. 
A PeChink «fe just sald 
few minutes ago or a few seconds ago that the terrain 
units that the sites are in are typical of the more 
difficult range of soil conditions along the route 
as forwarded in the exhibit. 
Q Weld. -ivputs it to* you 
respectfully that a much more accurate statement of 
the selection process is contained in the interim 
report,"Arctic Test Facility, Mountain River, Northwest- 
VWerra tory; at page. 10—25 ‘ 
MR. GENEST: Mountain River? 
Mee SCOrr:= Mountain River 
is Sans Sault, as I understand it; 
Q And it says at the top 
of that page: 
"The Mountain River site was the most favorable 
alternative relative to accessibility, climete 
and general terrain conditions." 

That those three factors are the factors that led 

to its selection. 

A Yes, I don't think that's 
inconsistent. 


Q Well, there is nothing 


in there, and I put it to you there was nothing in your 
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mind about selecting a site that tended toward the 
more difficult end of the possible range, as you've 
said in the canned evidence. 

A In the slide presentation 
I think I indicated that bdore that site was construc- 
peat we went into that area and did some soils drill- 
ing, some very extensive soils drilling. We spent the 
bestipdrtmofpehrediqweeks in and taroun jd «that jarea 
doing soils drilling, and oe found the material that 
we were looking for that represented the more diffi- 
cult end of the terrain and soils condition that any 
pipeline along the Mackenzie Valley corridor would 
encounter. 

Q Let me just wrap it 
by saying, Mr. Williams, that I suggest to you that 
you didn't know in 1970 whether it was the most 
difficult end of the possible range. 

A I don't think I agree 
wirthirthat, foi ; 

Q All epi oghits. 

A The other day you 
made Guevierenes iro athe flack ithatisomeror yabh of gthe 
Sans Sault site was located in the terrain unit 
D.L. and I don’t think this isxcomedct, Yandel probably) 
would like to take a few minutes to pursue that to 
show why we think that that is the more difficult end 
of the scale. 

Q Well, if Mr. Genest 


has no objection, I don't want to impede you. 
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Cross-Exam by Scott 
After all it is important, it seems to me, that 
everything depends on these test sites. 

THE COMMISSIONER: Would you 
just repeat the point you're now going to seek to 
develop? 

WITNESS WILLIAMS: Well, last 
week there was a reference made, Mr. Commissioner, 
to the fact that the Sans Sault test site is located 
in’ a terrain wilt described as Dr. Mollard -- I'm sorry, 
I-said DvLbe, Lomeant H.T: high terrace’. 

THE COMMISSIONER: Yes, Mr. 
Anthony raised that. 

A Mig SCOtt, Lan SOLLY.. 

Q I thought it was Mr. 
Anthony that raised it, but anyway go on. : 

A Yes, it was Mr. Anthony 
and at the time Mr. Scott made the observation that 
this represents less than 1% of the route. I have 
prepared a few view graphs in this regard and if you 
are interested, sir, I would like to show them to 
demonstrate that the soil conditions in fact at 
Sans Sault areogn e"difficult’'sorl ‘condition. ~But 
it will take a few minutes to set up the view graph. 

THE COMMISSIONER: 
Go ahead. You go ahead 
and’ Mr. Scott can pursue other matters, perhaps. 

MRea SCOTT: £ take" it £°m not 
being timed if Mr. Williams wants to do it now I have 
Yo Op Joetron. “lcan’ go On OT” —= 


A I could come back to it 
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any time. 
MR. SCOTT: It seems to me 
it might be a subject for re-examination. 
THE COMMISSIONER: Yes. 
Well, we'll come back to it later today. 
MR. GENEST: Another day, sir? 
THE COMMISSIONER: Well, it 
doesn't matter to me. Just so long as Mr. Williams 
is given this opportunity, I'd like to see the graphs. 
MR. GENEST: It just seemed to 
megthateit, MrvsScotteis geingy to, pursue an,attack on 
the conclusions we've drawn from the Sans Sault test 
facility as being unrepresentative or being of limited 
value because of the limitations he described, it 
Might be well for the Inquiry to have that in mind 
before he pursues his line of examination. 
Me oCODTs 1 don*t,care, Mr. 
Commissioner, if my friend wants to get this evidence 
before you now or in re-examination, it's a matter 
of complete indifference to me. 
THE COMMISSIONER: Well, 
let's see it now then and then we don't have to spend | 
any more time discussing it when we will see it. 
WITNESS WILLIAMS: In the 
slide presentation that I gave I think I mentioned 
that Dr. Mollard selected five potential sites for 
a test facility, and that this was his first selection, 
Now, within this area of the general Sans Sault area, 


here is the Mackenzie River, the Mountain River, the 
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Sans Sault Rapids themselves are in this area, and this 
report, J think, 1s early 1970, -MrelSeotbl? Thrs isra 
copy of a drawing from that report of Dr. Mollard's. 
Within the Sans Sault area he has outlined with the 
numbers and the dashed lines five potential sites, 

and he's pointed out in his report that there are 
thermokarst, the TK, the thermokarst features, the 
eroding banks along the Mountain River, there is 

of course along the Mackenzie -- it's close to the 
Mackenzie which was one requirement. There is potential 
off-loading sites here , thaw features, so this was 
in his report that he gave to us to explore for the 
specific soil conditions, and in the report I think 
-- and somewhere here he suggests what kind of soil 
we might find, the prevalent soil type rcs ia a ice 
to be mainly stratified silt, fine Jseameaa ioe 
from sands at the base of the section to silt at 
the top and certainly we consider silts with reason- 
ably high ice content to be one of the difficult 


terrain units that must be crossed. 
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So that was the basis for his 
original recommendations, and this -- 

Q iNeol Icould) mrverrupe., Mrv 
Williams, I am not quite clear, because I haven't 
looked as to whether that report of Dr. Mollard, from | 
which that slide is taken, is listed. Perhaps Mr. 
Marshall could let me have the number of it in due 
COuLse. (MNGe Now, tor TE Gse’s! not! Wisted, produce at. 

A mevookedttor Ga. tein. Calgary , | 
an@al fcouldnit: findiirt. The map *that«r. had was 


extracted, that I had at Sans Sault with me when we | 





were doing the test drilling at the site. 

If we don't have it I'm sure 
DENG Mollarci(does jibutal idiidn task ‘him for ‘a"copy. 
and I'm not sure whether it's listed. 

Q Well Mr. Williams, you've 
got another free weekend coming up, you can have a 
LEGOk. CL Ow SALE 

A Mhitsisoartyvcular!t map tis 
taken mae eee on sub-surface conditions, Mountdn 
River area by R.M. Hardy and Associates, and it's | 
dated'Augustitthetsilst, 1971. eAnd at was the only one 
that I could find that covered the test Si ve tareas, | 
showing the terrain units as described by Dr. Mollard, | 
and certainly from this very small scale map, you 
would say that the test site is located in the terrain! 
unit HI, high terrace, bug remember that this is at 
a scale of about 4 miles to the inch, 4 miles to the 


inch, and you see a boundary line here between the 


HT. and the DL, plus the GLB. 
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l And in the slides, as I have 

2 them upstairs, Ian get them if you want, but I think 

3 you'll remember that we showed in the slide that there | 

4 was a bit of relief along -- and I should have shown | 

5 that in the previous one. I should have pointed that | 

6 | out that Dr. Mollard shows what he calls escarpments, 

7 | generally old and moderately sloping. The escarpment 

g | dropping off to the Mackenzie River in this direction,» 

9 but also a smaller escarpment dropping here, and | 
10 also here, and I think he has described it as being | 
i possibly an old channel between the Carcajou River | 
A> | here and the Mountain River here. | 
13 | And getting back to this one, | 
14 and I talked to Dr. Mollard about this on the tele- | 
15 phone, and he suggested this division between Hl and | 
16 DL, plus GLB, is in fact, along that escarpment that 
7 you saw that I pointed out in the slides of the Sans 
18 Sault test site. And certainly the camp, the fuel | 
19 facilities that you saw, the main equipment er ees | 
20 are located on top of this terrace, but part of the 
Dy active test facilities themselves, the buried pipeline, 
oD are below the terrace. In fact, in the QL, plus GLB. | 
23 . And if you -- there's quite a 
24 widely circulated volume by Dr. Mollard. I think i Ouci 
25 | Volume II of his series that was prepared jointly for 
264 Mackenzie Valley and the Northwest Project, where he 
724 outlines the stratigraphy of these various terrain | 
28 units, and I think he explained quite fully when he | 
29 was here, that these terrain units refer mainly to the, 
30 geological history of thematerial; how it was 

| 
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deposited or how it came into being, and these colum- 
nar stratigraphy illustrations are taken from 
that volume. 

@) Mr. Commissioner, if I 
COUIG"“INLETLUpEe just For’ a moment, I. don”“t want to 
impede this evidence except to observe that it's 
Clearly evidence that Dr. Mollard should have given, 
and there will be submissions in due course as to 
its weight, but I don't want to impede it from being 
heard. 

THE COMMISSIONER: Carry on, 
Mr. Williams. 

WITNESS WILLIAMS: I would have 
been very pleased for Dr. Mollard to give this. I'm 
sorry it didn't come up while he was here. He could 
do it much better than I am able to do it, 


But anyway, out of his book 


you can see that with the terrain unit H.D., he sugges 


zero to five feet of peat overlaying organic silts 
and clays, overlying gravels and sands, and his 


stratigraphy of the unit DL you can see is very 


similar, one to four and a half feet of peat overlying 


organic silts and clays. The difference here is that 
this is finer material at the lower depths, sand, 
whereas it shows some gravel. But at the bottom of 
the trench, the depth that we're interested in, the 
10 feet, they're very similar. 

And 2f- you go to the GLB unit, 
also illustrated in his Volume II, you can see that 


there's not that much significant difference to one 


| 
| 
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to five feet of peat overlaying silts and clays. 
That overlaying sands and gravel till . 


We just have a couple of view 


: 
| 
| 
| 


graphs here to show some of the actual drill hole data. 


The column on the left is taken from the.Sans Sault 
site, it's active section number 4. “le"s drill 
hole B-90 and you can see that there is about an 
inch and a half -- I'm sorry, one and a half feet of 
peat, overlaying some organic material, including 
nce, Overlaying silt, sandy silt, silty sand, with 
fairly high ice contents. These two are shown 
differently, this is a visual ice content which is 
high. This is a drill hole along the pipeline route, 
on the east side of the river near Mile 507 in 
terrain unit GLB. Again, you can see the two feet of 
peat overlaying clays, overlaying silts. High ice 
content certainly in the peat layer, fairly high ice 
content in the silt, but generally the drill hole 
logs are not that widely separated, 

Again, this is a comparison 
of a drill hole number B-135 in active test section 
number 3 at Sans Sault. In this case, we have four 
and a half feet of peat, overlaying organic silt and 
clays, and again, of course, the ice content in the 
peat is very high, but in this case, in the silt it's 
am thie particular area it's not so low. 

And here we have a drill hole 
in terrain unit DL, near mile 424 on the east side 
Or tne river, with: egain, four and a half feet of 


peat overlaying silts with some sand. Again, not 
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| 
| Cross-Exam by Scott : 
| 
| 
2! Again on the left is drill | 
3 | hole data from section 1, thats the active -- I'm sorry, 
4 that's the buried section, the cycling section, where 
5 we change the temperature periodically, section l, | 
6 | drill hole! B=$203),, ‘organae ‘clay for 2)'1)/2) feet) and 
7| Micnesi4 ts, Neda imp laste very= igi cecontent; 
a this particular drill hole encountered ice and I 
9 | think I illustrated what the ditch wall looked like 
10 | in this section. There were various large pieces of 
2 ice encountered in the trench wall, and along the 
¥2 pipeline route at Milepost 192, 300-odd miles from the 
a previous one I showed. Again we have 2 1/2 feet of 
14 | peat overlaying clay with high ice content, and organ- | 
15 | ic material in the clay. Again it's shown to illustrate 
ae Ghee thet die Weide igaearetesdns Gault and’ the ainforma- | 
17 | tion we got from logging the ditch illustrates that : 
18 this is similar to what we consider to be the Ean 
19 soil type along the pipeline route. 
20 MR. ANTHONY: Before Mr. | 
21 Scott proceeds, I'd like to first of all, because this 
22 evidence has just come out at this stage and I haven't 
23 had an opportunity of either viewing it or preparing 
24 any questions on it, and I am advised that there are 
a some very serious questions to be asked, I would like 
26 | perhaps to discuss with Mr. Genest or with the ernedeione 
27 er at a later stage to have Dr. Mollard perhaps return | 
cB and comment on Mr. Williams' statem_ents of the simil- | 
e arities of terrain classification which Dr. Mollard | 
eg has classified as being different, and I think that | 
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could possibly be done at a later stage when we've all | 























simply question as to whether the location was selected 


{ 

| had a chance to look more closely at it. But I wonder 

4 if I could ask one question of Mr. Williams now with | 

>| respect to, I think, the very first statement he said 

° about selection, and about Dr. Mollard's selection. 

7 | I think he said something to the effect of, in his 

8 first graph, that Dr. Mollard had picked the Sans Sault | 

4 location as a first choice and I was wondering, was he | 
10 saying that Sans Sault was selected by Dr. Mollard as | 
11 | aj first, choicesfor,artestsfacility,:or was; the parti- 
12 cular location at Sans Sault selected by Dr. Mollard? 
13 | Did he say, "If you're going to be at Sans Sault, here 
14 | is the place to go?" Or did he say, "If you're going 
15 | to set up a test facility along the Mackenzie, Sans | 
16 Sault is the general location"? ’ | 
17 | WITNESS WILLIAMS: Can I refer | 
18 to the evidence that I read into the hearing before | 
19 presenting that slide information? Oh, you don't have 
20 the -- let me just check and we'll get it verbatim. 
21 MR. ANTHONY: I think that 
22 point is being addressed. I have the -- in case anyon 
23 else was struggling with the same problem. The discussion 
24 about the characterization of a high terrace and the 
oe percentage along the route was in Volume 22, March 
26 20th, satepages 2560,han-thatearea forapeopleythatywant 
27 | to make a reference, but I don't thirk that this 
28 particular question I directed was deait with 
we at that stage. I was hoping that it would be a fairly 
ae 
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| Hardy ,Williams | 
> Cross-Exam by Scott 
2 | or just a part at Sans Sault was selected by Dr. Moldard. | 
3 A What I ie earlier last 
4 week was that we asked Dr. Mollard to look at the 
2 aerial photographs along the route and suggest some 
: | potential test Sites. Hemselectedy fave. areas as ae, 
: tial sites. His first choice, because it had a wide | 
8 | variety of conditions within a small 2rea, was the 
9 Sansecaukt laréa.Wintaddition®&o that); hevhad©-=-he 
ey selected some test sites many miles from Sans Sault, bu 
Pi within the Sans Sault area he selected what he thought 
12 were five smaller areas to look at. This, in fact, 
13 we did. We went in and spent two to three weeks drilling 
14 until we found the soil conditions that we were looking| 
15 for. Does that answer the question, Mr. Anthony? | 
| MR. ANTHONY: Well, perhaps 
1? | there is just one supplemental thing. Those five 
18 suggested locations were all at Sans Sault, according 
19 to what you've presented now, and I was wondering -- 
= A NO; einmMesOrry. =r Leke 
the wrong impression. He selected five locations that 
Ze were separated by -- hundreds of miles along the 
23 -- I think as far as 100 miles spacing along the Mac- 
" kenzie River. 
) MR. ANTHONY: I see, and then 
cad he also suggested the particular location at Sans 
aot Sault as the best of the five at Sans Sault? Asa | 
oe secondary decision. 
29 ; 
A No ‘Sir. 
es Q Sorry. 
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A He selected five general 
areas of which Sans Sault was one. 

Q And the exact location at} 
Sans Sault was decided -- 

A By myself. 

MR. ANTHONY: Fine, thank you. | 

A On the view graph that I 
Showed earlier, within the Sans Sault area he outlined 


five sub-areas for exploration. We looked at some of 





them, not all of them. When we found the soil and 

ice condition that we thought was representative of 
the nore difficult end of the scale along the Mackenzie 
Valley with respect to soil types, we stopped looking 
and I laid out the actual facilities that resulted 

eb oeans Sault. 

MR. ANTHONY: I think, J best 
leave that at this stage. The more serious questions 
perhaps should wait until I've had a chance to look at 
To, thank you. 


MR. SCOTT: Well, Mr. Commis- 





Sioner, I'm glad to find things aren't much different 
here than in Toronto, that Mr. Genest has brought with 
him the technique of utilizing a question as a launchin 
pad to deal with the evidence of the previous panel. 

MR. GENEST:,Well,.sir, J | 
don'T want to prolong this by lawyers' argument, but 
it seemed to me that this is an important subject, that 
if I had raised it in re-examination my friends would 


have been on their feet asking to go into it, and 
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better early than late. 

MReasocor:) Dedon' ticomplain 
about it. I just feel that the answer might have been 
given if I'd asked Mr. Williams his name, 

Q i take *its Mro*Wrlliams,; 
the effect of what you are saying about Dr. Mollard's 
testimony on panel 1 is that while he has devised 
ENTSS tert atue types, i. be, “Dele, ana Gebebe, that's 
correct, he's got those three terrain types on his 
maps and defined. 

A Yes sir. 

Q And I take it that 
what you're saying is that in your judgment D.L. and 
G.L.B. are in fact a refinement of H.T. and very 
Similar. 

A No, I'm saying that the 
terrain types that he gives refer to the geological 
history and within those units there can be similaritie 

Q tiesvert, aren't you 
Saving’ that*D. i -and"Grnse +, “in “your judgment, “are 
very *elose-to*HsT re 

A whe stratigraphy for that 
particular physiographic division would indicate that 
they are quite similar, yes sir. 

Q Well, Dr. Mollard will 
be glad to know that because he won't have to use 
so Many letters to describe the terrain the next time; 
but I'm going to ask you one specific question. It 


was observed that on some of the holes that you 
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illustrated that H.T. was underlain by gravel at the 
10-foot level, isn't that correct? 

A i couLd be. it ‘shows 
that --— I think 1f you read that column the way it 
was intended, that maybe in 10 to 15% of it would be 
underlain -— would have gravel at ‘the 10-foot level. 

Q Yes, and gravel is not 


traditionally regarded as a frost-susceptible soil. 


A NOw Sit. 
QO And that D.L. and G.Lb.B. 
on the other hand were lain -- were underlain at 


depths below the pipe by silty sand. 

A Yes sir. 

Q And that is a terrain 
type of soil that is traditionally regardéd as much 
more frost-susceptible. 

A This Sans Sault site 
was in permafrost, Mr. Scott. We weren't looking for 
frost-susceptible soil at that time, we were more 
interested in what happened to the permafrost with 
construction and pipeline operation under various 
temperature operating conditions. 

Q I think that's no doubt 
correct, but my observation about the type of soil is 
also correct, is 2t not? 

A Yes, Chat. s-raght,. but 
I think Dr. Slusarchuk has illustrated pretty well 
yesterday that if it's in a frozen condition there's 


not a serious frost-heave problem. 
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Q But apart from that, you 
don't quarrel with Mr. Anthony's observation that 
the answer he obtained that if HT is the appropriate 
designation, about one percent, or a very modest 


percentagebf the line is found under that terrain 





type? 

A Yes¢usiry »But thesactive 
sections at Sans Sault are not all located in HT. | 

Q No, but it's substantially | 
Hy UsShe beite 

A NO; Sir. 

Q Well, we can look at the 
map and judge. 

A I think three out of the 
four buried sections are not in HT; one of the 


buried sections partially. ; 
Q Well just Gf I can go back | 
where we were, Mr. Williams, with respect to Sans | 
Sault, is it your position that when this site was | 
chosen, it was known with assurance that it represente 
the more difficult end of the possible range? 
To use the words of the canned evidence. | 


A Yes sir, that was my 


determination from observing the drill holes that 





were done to prove up the site. 


Q Now, I take it that you 





have provided in your report on the sites, the 
objectives of the tests that were conducted at each 
site? I don't want to go over them, but there is a 


report that lists a series of objectives, and I take 
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| 
it that that is a complete list of the objectives of 
each of the projects? 

A Can I have a reference? 

Q Pos reirapter SBLI5;, Arctic 
Test Pacilities. «1 don"t ware "to "qo “tnrough rt,” © 
just want to have your assurance that the objectives 
set out for each of the test sites in that paragraph, 
were in fact the limit of the objectives that -- for 
which these test sites were designed? 

MR. GENEST: “Mr. “Scott, what 
are you reading from? | 
MR. SCOTT: The location, design 
and capacity of facilities, Section 8. At page 21. | 

A aor ttnirok the objectives 
are Limited to page 24, are “they ;"Mr. “Scott? 

Q They follow through in 


the succeeding pages. 


A Page 18 and continue on. 


| 
| 
| 
| 
| 
| 
Q The chapter, as I recall 

it, is set up in such a fashion that there is a headin 
objective and then some comment or report on how | 
that tested out, and there are a series of objectives. 
I just want to be sure that you've listed there all 
the objectives of the test sites, for which they 
were designed. 


A Oh L'a not’sure;” I= would 


guess it's reasonably close. I -- | 





Q All right, that's -— 
A -- haven't read it lately. 


Q Well now, I don't know 
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whether you or Dr. Slusarchuk should answer this, 
but I take it that at some of the test sites, measure-_ 


ment was made of the surface settlement of the land? 


also made between the preditive surface settlement and 


A Yes, sir. 

Q Was that done at all three? | 

A DP -Chank so. | 

Q Well now, were comparisons | 
| 
| 


the measured surface settlement? 
WITNESS SLUSARCHUK: 
A At Norman Wells, they had | 
cold test sections and warm test sections, and I re- | 
call from their report that they did make such 
comparisons for the warm test sections. 
Q Well, is there any seen 
ation in support of those comparisons? Weve been | 
unable to find any. Perhaps I can take you to figures | 
Bithrough isminnSectioneeBl3iactk therappLication. | 
And that, Mr. Commissioner, is a series of figures | 
that are described depth of thaw and surface settle- | 
ment at a number of locations at the test sites. | 
And I want to know if those are predicted amounts 
or actual amounts, on the route. 
These are -eerth Sorry, aAlemis- | 
stated it. These are figures that show the settlement 
on Sections of the route, and I want to know if 


these are predicted figures or if they are actual 


figures. | 





A Testhestean, Section BBL .7? 


Q Yes. 

















wi a0 A 


| Seenrs ffs 26 oo sedt sew Qs ws ae 


pe aocds TR 
storiteqqo. sw ,won Dhow O. ier Ql wha heat 


bie Inensisies sostave svete off aeawiedebencals 
Toswalstee agstxve bewesem ond 
:HUMNDPALUSs SEIU IW 


|’ ‘bed yeds ~etiew saute ae A oe bee 

| -9% 1 ine ,2tcijose Jasdt mew Sop anoltose Jees Bios 

. dova stem bib vedd sett taoged siedt mosh Sige 
.Bhoktosz teat aréaw edd to? enoalrsqmos 
=tnemuso& yas sushis ai ,ifsw 9 nat om F 
| aped svc Yehoeirsanios seont io sioyqqes oi noise 


\gerupé? oF voy samt men 1 agsriret yrs bal? of eldsap 
| sMoissoilgqs ols, Ty VELEs eoktyeR mi EL dpsoxds = 
aewioiid io #6f1se 6 at »renobeaimmod .1iM ,tsas baa 
| -93392 sostive bile wads oo fiqeb, bedtapesh ors Jent 
| -@etie 3293 sd2 45 enottesol to yedmua » 36 9nem 
| atnvome betotheig sts saci? Ut word od 3nsw T baa 
| bay -otwox 93 mo vetayome [50458 70 
| ~alat, t «Rates, a* -~ 926, Sem tency pee 
jtnomeltiee std wore epee path myipaanna 


tye & 


















= ee 
=, lee 


> 


a Se ee 2 ee. 


eye ye Mak 
Clark, Hollingshead, McRoberts, 


ALLWEST REPORTING L.TO. Slusarchuk, Morgenstern, Cooper, 


BURNABY 2, B.C. 


| 
Hardy, Williams | 
Cr. bxame Dy scott 
| 
| 
































1 A Okay, Lets not inf the 

2 section on test facilities, now this is in the geo- 

3 thermal section. | 
4 | Q Yess 

5 A Those are predicted ones, | 
6 | Sirs | 
7 | Q Well, have any of them 

8 been measured, actually? / 
9 A These were examples that | 
10 we gave, Sir, and they were predicted measurements 
1% here, 

12 QO Yes, but what I'm concerned 
13 about is of what value are they if there is no inform 
14 ation as to the extent to which your predicted values | 
15 and the actual values match? 
16 A I don't recall making such | 
17 a study myself sir, on that, and other than the one 

18 with this company that they made at the hot test | 
19 section, I'm not sure that any others have been made. 
20 Q Well what I'm asking, and 
21 perhaps Mr. Genest can deal with it later, is there 
22 any documentation, report or study which indicates 

23 by measurement, by actual measurement, the extent to 

24 which your predictions of surface settlements are 

25 realistic? | 
26 | A I think we can outline 

cal ovuprodiuce; documents for you, sir, out of the public Lit- 
28 erature here, that would document measurements that | 
29 have actually been made at test sites, and we have | 
30 followed similar procedures. 
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Q Bute dt takéart guste to 
haves it) clear, that there has» -- as far as you know | 
now, and maybe there is some other information that | 
you can produce later, but there has been no comparison 
of actual settlements at any of those locations with 
your predicted figures? 

WITNESS MORGENSTERN: 

A: May I comment here? That 
may not be so. One of the major objectives of some 
of the Mackenzie Valley buried oil pipeline activities 
was to evaluate the prediction of settlement due to 


thaw with observation , and papers have been published 


and another is in press on that type of activity. 


Q Well that's so, as I 
understand, Dr. Morgenstern, for one limited test 
site at Inuvik. Now what I'm concerned tabout,,;is 
there any documentation that shows that with respect 


to this project and the places where it is going to | 


run,that your ability to predict the thaw settlement 
has been proved by doing actual measurements, to 
compare? 

WITNESS SLUSARCHUK: 

A Other than that warm berm | 
sections, I am not familiar with ne that speci- | 
fically deal with that item, sir. 

Q Well what's the use of 
them, then? 


A The ruse cof? 





Q Of the prediction? | 


A It is not a novel idea, sir 
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to thaw soil that has 20 percent es eat that 
it is going to settle 20 percent when the ice thaws and 
melts and flows away. This has been discussed for | 
quite some time in the open literature that has been 


documented in various places, and it is to that body 


of literature that I was referring to, and it is that 


sort of knowledge that I brought along with me when I 
came to this project, and perhaps that's one reason I | 
never thought of prime concern to try and set up some | 
documentation on it. 

I was involved with that project 
that Dr. Morgenstern was previously referring to with 
Mackenzie Valley Pipeline through my relationship 
with the National Research Council, and it did not 


seem to me to be a pressing item at that time. 





Q Well, now let me turn to 
another matter. It's our understanding that both | 
| 
buried and elevated pipeline sections were experimented 
with at Sanst Sault, is that correct? | 
WITNESS WILLIAMS: Yes, Sir. 
THE COMMISSIONER: 
Excuse me, Mr. Scott. 
Just tbeforeiwe ibeave sthatyDr . Slusarc uk, SOmenat 
there is no misunderstanding here, you're saying 
that if you have a good idea what the ice content is, 
in the soil, then you can predict the extent of sur- 


face settlement of the land owing to thaw and it 





doesn't get you anywhere to carry out measurement at 
some later time to test the accuracy of your predict- 


ion. 
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The important thing is to know 


how much ice there is in the frozen soil, is that 
your position? 
WITNESS SLUSARCHUK: 


A That’ S. correct » Sir, and 





a great number of these sort of comparisons have been 
made in the past and documented in the open literature, 
and that is why we did not undertake co do it sateen ree 
We thought that that was more or less an acceptable, 
or more or eae a routine sort of method of doing it. 

Q I take it that in short 
the proposition is that you are prepared to assume 
that that could be done with assurance? 

A Yes, Sic. 


Q Well now, turning to the 


buried and elevated pipeline sections that were 





experimented with at Sans Sault, is there a report 
available on the results withrespect to the elevated 


pipeline sections? 





WITNESS WILLIAMS: 

A No sir, nothing really 
beyond the mention of it perhaps in that red 

svolume,; titat interim report at Sans Sault. 

Q Well, may I ask why that 
part of the experiment was not reported on? 

A There wasn't really a 
great deal to report on. The elevated section was 
put in to look at in case there was a remote possi- 
bility that we might have to go to that mode of 


construction. We did observelit through the life of 
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4% the test and really very little happened, except 
) the coating deterioration that I referred to in the 
3 slide show, so there wasn't a great deal to report 


4 | on. 
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Q Pipue £o you, Mr. Wiliam 


, 


ef) a 


that before you conducted that experiment you had al- 
ready decided, or your client had decided as a matter 
of policy, that there was going to be no elevated 
sections to the pipeline. 


A NOS siex 


Q All right, well then 
wouldn't it be useful, if I can respectfully say so, 
to have a report on what you found out about the 
elevated experiment? 

A I think since the test 
site has been constructed we have decided that it's 
desirable to have no or as little as possible elevated 
pipeline. As I say, we did observe it, and nothing of 


any significance happened. I suppose a 2-page report 


could be written, we just didn't think it was necessary 
or worthwhile. 

Q Wels; 1 taker tt: that 
you're not saying that there will be no elevated 
sections of this pipeline. 

A No sir, I think we said 
that there will be some around compressor stations. 

Q Well, are the results 
of your studies, if not in report form, in some obher 
form available? 

A No, just in peoples' 
heads. Except for some elevation measurements on file 
that was done in the course of taking the survey 


around the site, which was done at fairly frequent 
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intervals. 

Q Wett yi ipuboit ckotyou 
that there is some experience with elevated pipelines 
in other parts of the world,is there not? 

A Yes sir. 

Q Yes, and therefore one 
considering the construction of a pipeline of this 
type in Arctic terrain would look to precedents in 
other parts of the world. 

A Yes, we have certainly 
read the Russian literature. 

Q And those precedents in 
Russia, in part in Alaska, and in China, are elevated 


pipelines. 


A The one being constructed 


in Alaska, a considerable portion is going to be 
elevated, yes. As I say, we have read the -- quite a 
bit of the Russian publication. 

Q And are you familiar 
with the 800 mile Chinese elevated pipeline? 

A No G22, nk tam not’. 

Q All right. 

MR. GENEST: Are you? 

MR. SCOTT: Yess “IL ‘can refer 
the Inquiry to a report ian, of all places, the 
"Victoria Times", of Monday, January 13 of 1975, 
which refers to a -- ironically the report is an 


Associated Press Report out of Tokyo but it reports 


on the construction of an 800-mile pipeline in China 
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Cross-Exam by Scott 
InPArCticeterrain. 

MR. GENEST: I hope that one 
wouldn't have the same status as a publication by-- 

MReeoCcOrd: -t Ssnourdn t say 
PRPCtrCaterrain, Lt doesn t “say “that.= Lt crosses 
rivers at 260 places, railways at 10 places, and 
highways at more than -- and then the copy is blotted 
but there is room for one figure and then there are 
Two "Zeros; SO it*s anything trom “100 "to 999 places. 
I'm sorry, 900 places, and it crosses frozen earth, 
marshes and rapids. 

Q epic tt tO you ,. noe 


to be facetious, Mr. Williams, that the experience 


outside Canada has generally speaking been with elevated 


pipelines in Arctic or sub-Arctic terrain. 


A This is excluding the one, 


michinad, +s “rt? 
Q We'll leave that out 


for the moment. I don't want to ask you about a 


pipeline with which you're not familiar, at least in 


theory. 

A Yes sir, I understand that 
quite a few of the Russian pipelines in Arctic terrain 
are elevated. 

QO And because of that 
experience, anybody approaching the question of 
building a pipeline as a matter of principle would want 
to thoroughly consider what other people have done, 


especially when they're the only people. 
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A Yes: sur 
Q Yes, and with that in 
mind you not only went -- your people not only consulted 


with the Russians but you built a portion of the test 
facility to deal with the elevated pipeline option. 


A Yes, we went to great 


expense to have some of the Russian publications trans- 


lated. 

Q And you went to some 
expense to build a facility that would deal with the 
elevated pipeline option. 

A Yes sir. 

Q Well now, can you tell 
me really the reason why the public is not afforded 
an opportunity to examine the results of your exper- 
ience when it approaches this question of how the 
pipeline in Canada's Arctic will be built? 

A I think we'd be pleased 
to write a 2-page report on the elevated section at 
Sans Sault for someone who is interested. All I can 
say is what I've said before, is that after the con- 
struction at SansSault we came to the conclusion that 


very little of this system should be elevated and 


| 
| 
| 
i 
| 
) 








what happened at Sans Sault didn't teach us a great deal 


and we didn't consider it worthwhile reporting; but 


it could be done. 


Q Well, I wouldn't ask you 


to write a report which you have in advance deter- 


mined is only going to be two pages, and tell us nothing 
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But I presume that as you've done an extensive analysis 
of the other alternatives, and have done some analysis 
of this alternative, that it would be helpful to have 
the results so others can compare the options. However, 
if lithstnoteavaitabiies itstnot available. 


Now I'm led to believe that 





two of the seven test sections at Sans Sault were 
placed in slopes to check their performance, is that 
COrrece? 

A Yes sir. 

Q Yes, and at one at least 
there was a large shallow slide that occurred. Is that | 


correct? | 


Q And at the other there 
was an erosion problem of some consequence. 

A Yes sir, not great 
consequence, I wouldn't say. A minor consequence, yes. 

Q Now I take it, therefore, 
I concede these were only experiments, but they were 
not experiments that were totally successful in that 
context. Things happened that were unfortunate. 

A Pn thinidsight;siry I 
think what happened could have been predicted. In the 
slide presentation for the sake of brevity, I didn't 
deal with the inactive sites. If you are going to 
explore it, I would like to give a little bit of 
histonyrot that situation: 


Q Well, I'm simply going to 
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experience, as far as test facilities are concerned, 


related to slopes, is what you have. 


7 Cross-Exam by Scott | 
2 | ask you if there is any more detailed information than : 
3 is made available in the Sans Sault report on the nature 
4 of these,experiments andeanalysis,for ¢«heir failures?. | 
5 Or is the Sans Sault Report, which is already a document 
BY all we're going to get on that subject? 
a | A I think Dr. McRoberts Hae 
8 examined the failure on the Mountain Kiver near Sans | 
9 Sault and could probably discuss it. I don't think he 
10 has written a report on it. | 
| Q We'll be asking generally, 
12 about slope problems a little later, but what I want 
13 | to understand is, is there a more detailed analysis | 
14 | available of those two problems than the one that is | 
15 | contained in the Sans Sault Report? | 
16 | A No, there isn't right i 
1? | now. We do plan some additional work on that Mountain ! 
18 River situation. | 
19 Q imake-ate that this kind 
20 of experiment was not done at any of the other facili- 
21 ties? 
22 A I am fairly certain that 
23 there was one inactive section installed at Prudhoe 
24 Bay. Oh, I'm sorry, I was referring to inactive 
eo | sections in general. The one at Prudhoe Bay was cer- 
26 | tainly, there was no slope there and the inactive | 
27 section was on the flat. 
28 Q So that the Sans Sault 
29 
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A Yes "SL¥+ 
THE COMMISSIONER: Well, just 
so I am not left out of the picture, what -- was there 


a slope failure at Sans Sault? 


A Yes sir, there was. 

Q On the Mountain River? 

A On the bank of the 
Mountain River. 

Q And was there an inactive 


buried pipe involved in the failure? 

A Yes sir, there was. 
Shall I give a brief description of those inactive 
sections at Sans Sault? 


THE COMMISSIONER: 
Yes, I will just ask 


Mr. Scott how he feels about that. 

MRe SCOTT: I don't object 
eo. that. 

THE COMMISSIONER: Yes, go 
ahead. I've been to Sans Sault, I think I've seen 
the sections active and inactive. I've seen the 
Mountain River and the Mackenzie River, so I don't 
think that we need a slide, I think you can tell me. 

A Yes sir. In the 
planning of the test facility at Sans Sault, we were 
wondering what would happen to buried pipe during the 
period of construction and the time that it came into 
operation when chilled gas was in the line to stabilize 


the soil around the pipe, so we installed six 80-foot 


lengths of pipe in various situations within a, I think, 
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a two or three-mile radius of the main Facility at 
Sans Sault. We selected the areas to try to represent 


the most difficult situations we could find within that | 





radius. Three of them were located in flat areas, mostly 
adjacent to thermokarst ponds that would become flooded | 
to various extents during the spring breakup, spring | 
thaw. One was located on the bank of the Mountain : 
River, one was on the bank of the Mackenzie River, and | 
one was constructed across a small stream just a few 
feet wide, and one of them in particular south of the - 
about a mile and a half south of the test site, was 


flooded Xs much as two feet of water in the spring 


following the installation, and we were extremely 





surprised that the pipe did not float out of the ground.| 
| 
We have some theories on why it didn't, but by all that"s 


right it should have floated out. 
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THE COMMISSIONER: That was 
an 80 foot length? 

A That was an 80 foot length 
that was capped on the ends so that no water could 
enter the pipe, and risers were placedon the pipe so 
that we could take survey shots on it to see what 
was happening. And with the exception of the one on 
the bank of the Mountain River, none of them moved 
that we could determine with our surveyor's level. 

The one on the Mountain River, 
we ducavated a trench about,I think it was 150 or 200 
feet long, and of course we just had 80 feet of pipe 
to put into the trench. We put it in the lower port- 
ion of the trench, and then we backfilled the whole 
thing. 

The wall of the trench in that 
area was particularly interesting, the ice in the 
old cracks was particularly interesting, but in the 
backfill and restoration, we took no standard pre- 
cautions that would be done even in southern pipeline 
construction. We just backfilled it and compacted it 
as best we could, and we didn't install any cross- 
berms to control the drainage, or any ditch plugs. 
None of these things that Dr. Clark has referredto 
in the last week, we just backfilled it and left it, 
which we thought was subjecting the pipe 
to a bad situation. 

And it did stand up through 
the spring break-up, but during a heavy rain in the 


summer, water was channelled down the ditch, and 
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J it did pond around the pipe, and the slope failure 
¥, occurred. But I want to emphasize that no good con- 
3 | struction practices were followed in the backfill 
4 and restoration of the section, In fact, the top 
5 hundred feet or so of this ditch that was excavated 
6 | had had no pipe in it, and because it was fairly 
4 high ice content soil, during the spring and summer 
8 thaw, a fair bit of subsidance along the ditch line 
9 did occur. 
10 And with respect to how the 
17 slide was initiated and what-not, I think Dr. Mc- 
12 Roberts would be pleased to speak about it. 
13 | WITNESS MCROBERTS: 
14 A I would be quite pleased 
15 sir, -atethat suits’ yous rightinow’ 
16 THE COMMISSIONER: If there e 
ey anything to add to what Mr. Williams has said, just 
18 so we understand what did occur and the circumstances 
19 under which it did. Just suit» yourself. 
20 A Yes, Mr. Commissioner, I 
21 have three slides that you might be -- that illustrate 
22 the feature that we were talking about. 
23 4 THE COMMISSIONER: Well, let's 
oq adjourn for coffee and then look at those slides 
25 briefly when we come back. Would that be all right? 
261 
eae (PROCEEDINGS ADJOURNED) 
28 
on (PROCEEDINGS RESUMED PURSUANT TO ADJOURNMENT) 
30 
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1 MR. SCOTT: 
2 Qive IMn: Williams «is, out, for 

3 a moment, I understand from Mr. Marshall,but I don't 

4 see any reason perhaps why we can't proceed with 

5 what Dr. McRoberts is going to do. 

6 | THE COMMISSIONER: Before you 

7 go ahead, Dr. McRoberts, since it appears we will be 

8 sitting this afternoon, to accommodate the typists, 

9 welll take.a break.from 12:30.to,2:30..fex lunch. 

10 MR. ISCOPT:.-Yes.-+Sin. I presume 
A Mr. Williams is out getting some more slides. 

1D WITNESS MCROBERTS: 

13 A What I would like to do, 

14 Mr. Commissioner, is just quickly present a couple 

les of slides to illustrate what happened in active site 
I6 number 2 at the Sans Sault test facility, .and make a 
17 couple of brief comments as to the various factors 

18 that actually caused failure. 

19 Can I have the first slide, 

20 please? This picture was taken in the fall of 1974, 
pal after four complete thaw seasons, that is to say, 

22 the pipe was installed in 1970 -- in the winter of 

ay 1970, and there was four complete thaw seasons between 
24 when the pipe was installed and when this picture was 
25) taken. This is on towards the end of the year. 

26. The Mountain River is down here, 
a7 and the Mackenzie is over here, and the main test 

28 facility is down in this direction, and we are about 
29 a mile and a half away. We're on the banks here of 


30 the Mountain River, and it's difficult to see in this 
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picture, perhaps we can have the next one. | 
We're looking now into the bank, © 

and the bank of the Mountain River, or the top of the ! 

bank is about through here, and the pipe is installed 

down about an eight degree slope here, and that's to 

say, eight degrees of inclination, and then a 16 

degree slope down to here. There's a heavy tree cover 


that be about here, and that marks the beginning 


of the slope, so there's two components of the slope; 


an 8 degree section and a 16 degree section. | 
THE COMMISSIONER: So the pipe 

was on a gradient as if you were going to cross the 

river? | 
A thatvucwcOncrect. ss 16s. | 


Now, let me get to that. To 
there 
the pipe,/was a ditch down from here down +o here, | 
and because we had so much pipe at the time or the 
people that were responsible -- Mr. Williams had so 
much pipe at the time, he installed pipe in this 


deeper section of the slope here to here, and no pipe 


was installed up here. Just as background. 
Now as you can see, this is 


| 
| 
| 
| 
| 
| 
what's developed by 1970, the end of 1974, and the | 
failure occurred on the steeper 16 degree segment | 
of the slope. | 

Can I have the next slide, please? 

This picture is taken past the 


break in slope. There's an 8 degree slope that comes 


down behind here, and we are now on the steeper 


| 
| 
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l section. This is the same gentleman that appeared for, 
2a scale in one of Mr. Williams' slides earlier. He 

comes up to about here on me. Just to put the scale 

4 in perspective, it is a four foot diameter -- excuse 

5 me four inch?. Sorry, a 42 inch diameter pipe. 

6 | | You can see the extent of the | 
x Sia and the erosion that has occurred, out | 
3 to here and through to here. You can see there is 

9 a very silty clay soil and in fact in some cases, 
10 there are still organics left, there is still pacer 
Vek remaining over the pipe. This -- as I emphasized, 

12 the way the pipe looked after four complete thaw 
13 seasons. 
14 Can we just back up one, please?| 
15 There are several factors cee 
it Contributed to this failure. The first one is the | 
17 method -of construction that was followed. As Mr. | 
18 Williams pointed out, the practice that the pipe was | 
19 put in using very crude techniques, in fact this | 
20 surface was cleared by bulldozer, which would not -- 
a, which was certainly one practice that we would not 
25 follow in any slope like this, in fact, we would 
ae clear it by hand, and that certainly had an influence. 
24 The pipe was installed and the Beee LL was put in 
25 in a more or less random manner, with some attempt 
Be at compaction. 
2% 
28 
23 
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In a Slope like this of this angle and that terrain 


tpe I certainly would not recommend that you would 





use native backfill. We would, in fact, be using 
more select material for backfill under conditions 
like that. Furthermore there was no, as Mr. Williams 


pointed out, no drainage and erosion control features 





put in at the site that Dr. Clark taiked about, there 
was no sack breakers, there was no chevron type of 


breakers to shed the water. There was also, and 





perhaps it's obvious, no slope instability as to 
slope preventative remedial measures placed. 
The next -- so the first 


eo 


contributing factor was the method of construction and 





| the way not only in the method in which the drain was 
cleared and the pipe installed, but also the state in 
which the slope was left in the wintertime. 

The second contributory 


factor was there was a period of very heavy rain, a 





soaking rain for about seven days. We know this because 
we operated a full-scale meteorological station at 

Sans Sault Camp, and we measured the amount of rain 
over the period, and when the storm and the fog and 

the low visibility conditions lifted the site was 
visited the same day when the bad weather lifted, and 


the people that visited it commented that there was a 





considerable slope erosion had occurred. At that time 





the pipe was not exposed and the instability that had 
occurred was certainly not to the extent that you see 


| here. It was much, much lesser extent. Since then, of 
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course, the failure, the slope instability has proceede 
Sideways but you'll notice it's remained in the 16 
degrees component of the slope and not in the 8 degree 

The third contributory -- now 
in regards to the heavy rain, certainly we had the 


feeling that if we had had a properly designed drainage 


SSS eee ee 


and erosion control measure, then that would have 
obviated perhaps completely prevented any problems 
occurring. However, there are three other factors. 

The next factor is ice content 
This slope in through here from the observations made 
in the ditch wall and from the bore holes that were | 
put in, certainly indicate that below a depth of about 
three feet there was very high ice content soils and that. 
certainly contributed to failure. Once we -- the | 
failure occurred about June or July, my memory doesn't | 
serve me, I'm just relying on records, I wasn't 
associated with the project at that time, but it was 
in June or July of '71 that the failure occurred. THer¢ 
had been a fair development of the active layer by 
that time. 

The fourth contributing 
factory in regards to the onset of failure is soil 
type. The soil that's encountered here is very fine- 
grained silty clay, and if you took the same soil 
type and had it in a com -pletely unfrozen state, a 
thawed state, had never been frozen, on a slope where 
one might experience you'd get a lot of rain, let's 


say around Vancouver, and you had it on a 16-degree 
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aA Slope, an_d you soaked it and it rained and you got 

3 this soil completely saturated with the kind of 

4 Material that we encounter here, the kind of strength it 
5 had, the strength properties of that material we'd | 
6 | expect failure. So in one sense the failure Saéurred | 
7 | had nothing to do with the fact that it was a Bdenarros! 
Pi slope, from purely geotechnical consicerations, and 

F the flow conditions in the soil with the degree of 

10 saturation, one would expect failure. 
oa; Thestiteh contributory 
12) factor would be the very thin layer of peat that's 
13 | found in through here, the peat is much thicker up on 

14 top. Along the slope and down through here the peat | 
15 | is very thin. Looking at the banks along the Mountain | 
16 | River for maybe a length of a distance of 20 to 25 | 
7 | miles or whatever, until the Mountain River gets | 
; right into the mountains, is just one continuous 
19 band of landslides, and this slope in through here, 
BD was historically a slope failure of some 
21 form, and because of that the peat, as you understand, 
22 had not had a long time to develop, there is very 
23 thin, maybe three to four inches of peat, and there- 
al fore the rate of thaw of the material and the depth 
oa of thaw would be enhanced because the peat cover was 
ah very thin. In situations such as this, and keeping 
oH in mind the ice content, keeping in mind the soil type, 
“8 the type of preventative slope stabilization methods 
ss that we propose to use would inhibit failure so that 

30 


if we used that, if we choose, as we would ina condi tiop 
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2 | as severe as this to stabilize the slope and to provide | 
3 erosion control measures, nothing would occur. We : 
4 choose -- at least my understanding of the matter is | 
3 that while we have had some of our revegetation people | 
6 | have been mad keen to get in here and see if we | 
7| could stop it, and I'm sure we could stop it if we ! 
J choose to, we have taken the view that we would like | 
9 to - it is a test section and we appreciated that when 

10 we got in here we had a pretty darn good chance of 

11 failure, we couldn't expect anything else outside 

12 the banks from the Mountain River all the way up 

sei to where the Mountain River goes into the mountains 

14 | proper, it has many different types of forms of 

15 | landslides, and we certainly appreciated that we had | 

16 a very good chance of getting one, and we haven't done | 

1? anything with it, we just wanted to see what would : 

18 happen. 

19 The interesting point here is 

20 that to my knowledge the pipe has really not moved 

21 appreciably up to 1973. I believe that it has moved 

22 slightly towards the endof 1974, but I am not positive 

23 about that. Certainly there was no movement to the 

24 pipe for three years, and as I say, any of the measures 

a that we propose to use are, in our opinion, fully capable 

26 | of preventing anything of this sort from occurring. 

27 Thank you. 

28 THE COMMISSIONER: Thank you, 

23 Dr. McRoberts. 






















7? 3 
. fe a 
Sy . ae 
¢ SEEE ' wt. ‘eat e oe, sje 
, . , Ta ee 
| Reqend , cxrssenep tom yakscin ; 
. sto02 ya ms 
_sbivoxg of bee suole sit osiitdste ot eit? Ga “eitsvee ss 
ew .mooo binew pniddon ,eorasom foxtnos nobeors 


ai rsJiant effo to perhostexeban yr dese ge —= Seoods 
sigosq sotstatepsvat *vo to emon Berl sve sw elinw dsc 
ow 3i ssy bre sisd mt sop OF nesd bem noed svsri 

ow ti Yi gots bixos Sw ezae aT Bas , 3h qote hivos 
stil blvow #» tant waiv edt dese? evaed Swe,02 sepolo 


datw teds betetoordges ow Bons seisbee deed Bi al S06) =) 07 


20 synetic fooo orsh yatoug & bent ew exon ni gor Bw 
/ abietvo oele pniridyns tosqxe 2 nBigeo ew ,eruli62 
qu. Yew afd iis 15yih nisdavoM. etd mex? sAnsd sit 
misaauom oft otni 2es0p revit nistauel ed? exonw of 
to amiol to seqve dnetstilo yas een Je ,2Sqgoug 
bo‘! aw godd bedsissieqs yiabssuep sw Bae geebiiebnss 
enob +'neved ow bre ,ono paissse Be, senadis boop yaev 6 
bluow tefw 962 oF bstosw teeh ow gad dtiw pridsyns 
-nagqqsa 

si sted Poiog phitestotaAt si 
bovom gon yilsas* esn saiaq edt spbefiwone yr et ters 
hevem as 72 zedt evetfed I .EVGL of qu» yidefoetqgs 
evistisog toa ma I stud ,&V@i to Bye sit erie wor yisdpife 
of? of Dasmevom on ssw exerts Yinisé@seD tent juods 


deqes yilwi .nocnigo ivo t , sts san oF Beoqotq ew taAd2 


| 
| 
| 
| 
| 
eit to yas .ys2 1 2s bas .exsey sezdy 20% sgiq: 
| ~paitiv200, mot? tace vint 20 pritdsyas pattasverq 20 
| , 





ALL WEST REPORTING LTD. Bie )e) 
BURNABY 2, B.C. 


Clark,Hollingshead,McRoberts 
Slusarchuk ,Morgenstern ,Cooper 
Hardy ,Williams 


























1 Cross-Exam by Scott 
2 | 
the photograph off, Dr. McRoberts, could I have the | 
| 
3 
first one? 
4 | 
A Yes. | 
5 : | 
Q From what elevation would | 
6 
that be taken? 
7 | 
| A CedCn te KHiOW, ME. SCOCE. 
8 
erardy tc takestne picture, 1 the first place,” but. “this 
9 ° 
: scale here, the clearing would be how far, 200 feet. 
10 
WITNESS WILLIAMS: It would 
aed 
be about 100 feet wide. 
Ao 
WITNESS McROBERTS: It would 
13 
be about 100 feet wide. This section from here to here 
14 
we put in an 80-foot section of pipe. 
15 
| Q Is that the lower section? 
16 : | 
A This is from about here 
17 | 
to here, is about 80 feet, and there's another 80 feet 
18 \ 
here of ditch that was dug but no pipe was put in, 
1.9 
Q I asked because Mr. Gibbs 
20 
was in some alarm when he saw the short man, he thought 
24 
you were putting in a 60-inch pipe. 
hes 
Is that an example from the 
ane) : 
air, of subsidance? Whats thateditch that runs along?) 
24 
A This ditch here was the 
25 
section of the inactive site that was dug and then 
26 
backfilled. 
27 
Q So that the site is 
28 
filled? 
29 
A I beg pardon? 
30 
Q The pipe is in the ground; — 
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A There is no pipe in the 





ground from here to here. 
QO tT sees | 
A And in fact because there 


| 
is no pipe, we are missing about 10 cubic feet of volumd¢ 


| 


per foot run of pipe, so that if there had been that | 


pipe in the ground, then there would in fact be a mound 
left over here. | 
QO I see. 
A The backfill, because 
there was no longer any peak to protect up in this 


section, and because we came in here and we dug a 





ditch, we put everything back that would be got, more 

or less, I imagine there might have been a small amount! 

of material just left here -- : 
Q What. l’magetting at ,) Dr. | 


McRoberts, is, is that an empty trench or is ita 


filled trench we can see? 


A The trench here was 

Q So the photograph shows 
it as filled? 

A There is a depression 


| 
filled with backfill. 
across the txench of, I would say, up to about a foot. 

Q Yes, so there is a depth 
im tne serench of a foot, after it’s been filled. 

A “ea” 

Q Why is that? 


| 
| 
| 
| 
| 
A Because there was no | 








‘ 
# 
‘ 
” 
| 
} 
1 
' 
i 
i 


fiaivom 5 


| 
| 


| 
] 


1 





grom ,tor sd 


sd tosit a 


eid ai sqiq on 2 snodT 


«ese I 


éyons seusced tos? ar baAéA 


‘ove L 


seeded ,[[iLtaosd st 


0 


& 







amofov to t39% oiduos O01 tuods vafaein ors ew .egiq on at 
tsd3 need bed evens Ui tedt of ,eqiq to mua door 19¢ 
bivow eteds nedt ,basexp edt ni eqig 


«<orern tevo sief 


aids at of dosto1) of gseq yas szspitel on esw Sieds 


6 pub ew brs oie al emo sw seusosd bas ,Agizose 


5. of ai xo 


20 ,3e patsster m't tsdw 


sbh@ sxeni Agnois scat 


awode sigstposoda oct 02 


aoteesiqsh 6 ef sno? 


diqed s ai stent of .250Y¥ 


biuow tert aosd pabsdoyasvea Juq sw .HotthS 


jnuens Ilsste 6 aged sved-tdpin exeds ontpsmi I ,aeel 10 


-- oref sitet deu~ Isitetam Io 


Q 


‘onead Vigme as tens ah ,at ,etusdoisM 


fs98 ns. ew sonexd beliii 


A 


9 


A 


Q 


Liiisond dtiw belit2 


gheilt® es 31 


, 


003 © tuods o5 qu ,yse bivow.I, to donased eft aeoros 


ms 7 


.befitt mecd e'di 19¢2s Joot 6 te donexd sft at 


Sted 2d, yaw 


s2oY 


A 
9) 


A 


we 


255 


: 


ron , : 


| 


ee Se 


f 


* 




















“"» &e © 
-_- - & 

















ALLWEST REPORTING LTD. 33:35 
BURNABY 2, B.C. 
Clark,Hollingshead ,McRoberts 
Slusarchuk ,Morgenstern,Cooper 
Hardy ,Williams 
7 Cross-Exam by Scott | 
2 pipe put in the ditch. 
3 Q I see. Well now, dealing | 
4 with the conditions, six, E take it, Mr: Williams, it's. 
5 Obvious, CO Say, 1S Lt, that you didn. t intend this | 
6 | modified disaster to occur for the purpose of having | 
7 | a slide for us. | 
a WITNESS WILLIAMS: Well, Mr. | 
9 Scott, we weren't exactly babes in the woods, but we | 
10 were like Alice, we were wondering about a few things 
11 so we installed this test-site. 
12 Q Yes, you tried to do the | 
13 best you could on that site. Lt wasn't a planned 
14 failure, was it? | 
15) A It wasn't a planned 
16 | failure, no sir. But we didn't do the best we were | 
1? CAbADLG OL, nO. : 
18 Q You know that now, don't 
19 you? 
20 A And certainly I knew 
21 ata then. 
22 Q Why would you conduct 
23 ah experiment based on less than your best knowledge 
| of how to do things? What kind of experiment is that? 
ai A That's part of the learn- 
26) ing process, I would say, We wanted to see what would | 
ef happen. | 
28 
29 
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Cyr.. Bxam, by Scott 

Q Well, you wanted to show 
what would happen if you used inadequate techniques, 
is that what you're telling us? 

Piput it co ou, ana-L=nope. 1 
am being fair, Mr. Williams, that when you lad this 
pipe you attempted to do, within reason, the best job 
that you knew how to do at that time. You've learned 
a lot since, but it was the best job you knew how to 
do at that time? 

A No, I really wouldn't say 
that. The technique of installing sack breakers on 
Slopes of this nature is fairly standard pipeline 
construction practice. We chose not to do that. 

Q Bubry Our “cons tructron” oT 
the pipe, your burial of the pipe, your filling in, 
was the -- I put it to you, the way you waquld have 
done in the state of knowledge at that time? 

A NoPrsrr: 

Q No. 

WITNESS MCROBERTS: 

A It was also well appre- 
ciated in 1970 that if you used bulldozers to clear 
terrain, that you could expect damage to occur, and 


it was chosen to clear with bulldozer and not by 


hand. 
WITNESS WILLIAMS: 
A Pets -a=-pornec-of 
Hillis tration, 
Q Bulldozers are not going 


to be used on this project? 
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A I beg your pardon? 

Q Bulldozers are not going 
to be used on this project? 

A As Dr. McRoberts said, not 


for clearing on a slope of this magnitude. 


Q I see. 

A Because that would be hand 
cleared. 

Q Well Dr. McRoberts, let me 
ask you this: Apart -- you listed the factors that 


in your judgment contributed to this failure. Leaving 


aside the construction techniques, the other, factors 
you listed were all conditions such as the ice rich 
soil, the gradient , the rain and so on. Those are 
ail factors sthatvoccur jinsnature at one place or 
another? 

WITNESS MCROBERTS: 

A Phatle.correct. 

Q Yes. They're all factors, 
therefore, that we may anticipate will occur from 
place to place in varying combinations throughout 
this pipeline? 

A That 2S correct. 

Q And I ae 1tethat sust 
listing those factors, can't we Bees eyes that 
illustrates as graphically as can be done, the neces- 
sity for detailed knowledge of the conditions of the 
site of each specific site? 

A No, I wouldn't suggest 


that it indicates that you need detailed knowledge of 
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each specific site. You would find, by and large, 
that a site that occurred in this type of terrain and 
that kind of flow, would be reasons of their geologic 
history aetna secs similar, and you would expect the 
conditions to repeat over many hundreds of miles of 
slopes throughout the Mackenzie River Valley. 


Q I see. 


A And you would find active 


features like this over many hundreds of miles Of slop 


Q And would you agree with 
me that it illustrates clearly the importance of 
identifying and analyzing in depth, the problem areas 
as they are found throughout the pipeline? 

A Yes, I couldn't agree with 
you more and that's what I'mdoing. 

Q Yes. And eneedea sate will 
involve hundreds of locations? 

A Pwouldn*t*say-1t would 
involve hundreds of locations, no. 

Q How many locations do you 
think it will involve? 

A I would suggest that for 
thie typeof es'Pope “fai lure == 

Q I'm not talking just about 
that type of slope failure, I'm talking about other 
failures that may be unconnected with those. 

A I understood you to be 
talking about the combination of circumstances that 
I was talking about, mainly thin peat cover, soil 


type, ice content, and given that combination of 
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l circumstances, I would say right now we have a pre- 

’ liminary idea of how many slopes of this type, and 

3 this combination of circumstances that we will be 

4 dealing with. I have in one of the slope reports 

5 that I prepared for Arctic Gas, a atalogue of slopes 

6 that, albeit be a preliminary catalogue, that will be 

4) updated during the final desgn stage, we have, right 

8 now, a pretty darn good idea of how many sites we 

9 have, and where their locations are. 

10 Q Would you want to drill an 
(ay area like that at all? 

12 A Certanly, I would drill a 

13 representative number of these types of slopes. 

14 Q At what interval ? | 
15 A It would depend how many | 
16 -- in what interval you mean, on a mileage basis | 
iy along the pipeline? | 
18 Q On any basis you're pre- 

19 | paredto tell me. 

20 A I would say that for a 
21 critical combination which we are talking about, I 
22 would subdivide it into a climatological region 
23 because obviously the depth and the rate of thaw is 
24 of some consequence, given a general climatological 

25 region, I would then consider the terrain type that 

26, I was dealing with, and then on that basis decide 
ad how many slopes I had to look at until I had a good 

28 feel for what's there. 

29 Q I take it that there 
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match a proportion of the configuration that is shown 


here? 

A No. 

Q How many would there be? 

A I would -- this slope is 
overall about --~- I would say from the top to the 
bottom of the slope completely -- you appreciate we 


didn't clear all the way down as I understand it, 
I would say that the slope is on average, greater 
than about 12 degrees in inclination and about 100 
feet high. 

I would say -- I could refer 


to a -- that's the approximate -- 


Q How many slopes of 


approximately of 12 degrees would there be? 


A Could you jst give me a 
minute? 

Q Okay. 

A Well what specific piece 


of information would you like? 

Q Well first of all, I take 
that there are almost 700 slopes that have a degree 
of more than 3 degrees? 

A That “s correct. 

Q Yes. Well, how many would 
there be, let us say, more than 8 degrees? 

A More than 9 degrees, I 
don't have a calculator, and I'm not a very good 


adder, but say 150. More than 9 degrees and in 
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height from -- if one wanted to include slopes that 


were greater than 100 feet high as this one is, and 


Slusarchuk, Morgenstern, Cooper, | 


| 


greater than 9 degrees, then we're talking potentially 


of worrisome conditions in about 30 slopes. 
Q How many slopes are of a 
degree,let us say, more than 10 or 12, whatever figure 


is convenient. 


A More than 12, I would say 
there's about 100 -- 

QO Yess 

A -- of which I guess, of 


which about 80 are less than 100 feet high. 

Q Yes. Well now, I take it 
that the combination of physical circumstances that 
occurred here will not necessarily occur in all of 
those, or-even in many.of them? . 
A Most certainly, the cata- 


logue -- the table I'm looking at, and perhaps I 


should tell you what the table is, it's Table 1.2.1 


in the report, interim report draught "Slope Stability 


and Permafrost Terrain" of December, 1974. I have no 
page number for it. It follows page 4. 

And this table was put together 
using the most conservative assessments of terrain 
conditions along the right-of-way. 

Q Well that was because you 
are not .taking, any. risks,at all, 1, understand: that. 

A No, I wanted to put 
together a composite picture of the number of slopes 


I had, considering the worst conditions, I wasn't 
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taking any risks when I was doing that. 

QO Well I take it that this 
kind of combination of physical circumstances can 
occur in varying proport_ions and combinations on 
other slopes that ardless than 10 or 12 degrees? 

A Yes> thats’ correct: 

Q Yes. So that subsidance 
of this type is a risk in a wide variety of slopes, 
.depending on what you know about the underlying soil, 
what you can pretict about the rainfall and a variety 
of other physical factors? 

A Yes, and no. As I pointed 
out here, counsellor, the slope angle here was 8 
degrees and it does -- it's between 7 to 9 degrees 
in the section. The terrain conditions that we 
encountered in here are, in my opinion, given the 
thin moss cover and the very high ice rich -- the 
very high ice contents of the soil and the soil type 
itself, are more or less the worst condition which 
is why Mr. Williams put the facility in here in the 
first’ plade’,-“and lin’ fact, nothing, as you quite 
clearly see happened. 

Under those circumstances, ie 
would say the slopes less than 9 degrees have in 
fact performed adequately well, and it is only the 
slopes over say 9 degrees that worry me and we have 

addressed ourselves to how many they are. And of those, 
Many would not encounter the =—~“*<dn ‘the steeper —= 
you will understand in the type of matrix of classi- 


fication I have developed, I have had to -- excuse me, 
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ih categorize or catalogue the slope based on the average 
p sloping inclinationgand the total height, in order to | 
3 expediently package the information. And many con- | 
4 ditions on the higher slope, we also -- excuse me, | 
5 we also classify them as being potentially unstable, | 
6 based on the terrain feature that occurson top of | 
a | the bank. : 
8 Now, under many circumstances | 
| 
9 in fact, the terrain feature, let us say it is GLB, | 
10 is the surface veneer, but underlying that surface 
10) veneer and going down, you may encounter till, which 
12 is is much more stable and in fact bedrock, but under 
13 | many of the remainder of those slopes, you find 
14 Characteristically because of the natural processes that 
15 form the slopes, that the more susceptible material | 
16 would have failed long in the past ,and they, are more | 
17 or bss at stable angles and that then in | 
18 turn overlie other material that is inherently 
19 more stable. | 
20 Q Now, could I just have | 
J) the third slide, please? 
D8) No; IU’ orryPatss “the tother 
BB one. 
24 | Now that's after the repair week | 
25 is underway, is it? 
26 | | A There's been no repair 
ael work done here at all. ! 
28 Q I see, that is the slide, 
20 that's how the slide looks after it is cleared. 
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A This picture was taken, 
as I thought I had made clear, in the fall of 1974. 

Q To what depth was the 
Pipe buried? 

WITNESS WILLIAMS: 

A I think it had about three 
to three and a half feet of cover, Mr. Scott. 

Q Thank you. 


WITNESS MCROBERTS: 


A I think perhaps you can 
see -- you probably could get a good indication here, 
Mrs OCOLE. 

Q I see. 

A You can see the total 


change between here and here, and that may have 
something to do with it. 

Q Yes. Now, what volume of 
earth, approximately, would have been moved by that 
slide? 

A Over a period of four 
years now that we're talking about, let's say about 
20 yards wide by one yard deep, aeers 20 yards times 
20 yards down the slope, that's 400 square yards -- 


Q Yes. 


A -- in four years, a hundred | 


yards per year. 























«tensd easy seutoty allt A A ao img Let 
pte to Lis? off ni .1net> abem bed Pigdpdoda T as 
ait esw atgeb tsnw of 9 f oe 
?2M4IDIIW Seantiw 
eside tueds bar! ti AniAs t A 
.$300% .2M ,x9vVep to Jost Bied-.s bas aatit oF 
vey Ansa? 9 
:BYHSEO7 9M SeshaTiw 
map voy 4gqandtsq Agidt 7 A 
sted adidsothat boop 6 tap Bitton vidadoxg soy —= S8B 
, -330908 «2M 
soe I. Q 
fisted ait ses asp voy & 
ever yeu tsad bos sted Sas stash mapewted spasdo 
32 die ob of pnitdtomoe 


to amuiov Jatw ywow .es¥ @) 
sede vd bsvom avzed evar binow , yLotemixoxggs ,adabe 
fehile® 

suo2 to Hoizteq s ssv0 A 


tuods. yee 2e'tel ,svods paidicss ate lai WOR SIBSY 
sents abiey OS e'tadt .qosb Busy sso yd Sbiw ebtsy 0S 
~- abiey sisupa 00) 2 tpt eqole ont nwoh ebssy 0S 
Rey Q 


His psttesc & .@1ssy Wor m£.-- A 


ALLWEST REPORTING U-TO. 
BURNABY 2, B.C. 

















3345 | 


Clark ,Hollingshead,McRoberts 
Slusarchuk ,Morgenstern ,Cooper 
Hardy ,Williams 

Cross-Exam by Scott 


Q That would be regarded 
as a relatively modest slide, wouldn't it? 

A I would say that it 
wasn't a modest slide, no. It is very similar to the 
type of landslide that -- well, it is in fact a type 
of landslide the way it's now developed that I would | 
Gaki agskin flow,.and youkcannfind indfact)<I 4would | 
Say, quite modest in regards to the extent that it 


Still hasn't occurred over therentire .widthaof athe 





right-of-way. You find this type of landslide occurring 


Miles of the same river bank one after the other. 
Mice SC Oaus 
I take it, Mr. Genest, 


in river banks similar to what you find here, over 
| 


that the construction panel will be dealing with repair| 
| 


questions? Is that correct? : 


i 


MR. GENEST: Either the constu-' 
ruction or operation and maintenance. | 
MR. 1SCOTT:...Pexhaps Mr. 
Williams just knows, while I think of it, what sort 
of equipment would be brought in to repair a slide 
of that dimension? | 
WITNESS WILLIAMS: If this | 
occurred all at once, as it didn't, there were pre- 
liminary indications that this was happening and -- 
Q Well, assume it did occur 
all at once. 


A Assuming it occurred all 


at once, if the security of the pipeline was not in 





danger, then I would think the operation and Ra ARERBRCY 
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people would wait until wintertime and they would come 
in with fairly heavy equipment, haul in additional 


Material and repair the drainage protection dykes. 





You could have equipment up to D-7 size equipment, 


Mr oaScott. | 

Q If the integrity of the | 
pipe was at issue, at risk, and it had to be done in | 
the spring or summer, what would be done? 

A Then the emphasis would 
be on soft track equipment, or if the terrain allowed, 
emphasis would be put on an air cushioned vehicle to 
bring the equipment and the repair materials in. 
Helicopters would also be relied on to the greatest 
extent possible. 


WITNESS McROBERTS: Possibly 


I could also point out that given our understanding of 





the mechanism of failure in this type -- that is 
involved in this type of failure, complimented in 
fact by our actual experience here, the integrity of 
the pipe would not le threatened under any conceivable 
circumstances that I can think of the first year. 

Q Is that -- without gettin 
into too much detail -- is that the, is that physically 
the dimension of the failure that occurred on the 
Pointed Mountain line, or is it greater or smaller in 
terms of volumes of earth? 

A I know nothing about the 
Pointed Mounted line. 


Q Well, in terms of volume 
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of earth, Dr. Hardy, is that same size, smaller or 


greater? 


WITNESS HARDY: In the Pointed ; 
Mountain situation, there were -- there was one 
location very similar to this, we haven't even dis- 
cussed. But of the ones that we have discussed, at 


crossings, the dimensions far exceeded the dimensions 





here. 

Q Yes, would they be eight 
or ten times the dimensions shown there? 

A Well, probably not more 


than ten times. 


Q Yes in Alli right,y thank 
you. Now, Mr. Williams, I have no further questions | 
in connection with the slides. : 

Mr Williams, at Sans Sault 


Or any other test site, have experiments been conducted 


with the recommended stabilization measures for shallow 





slope instability? 

WITNESS WILLIAMS: We did 
undertake two restoration operations at Sans Sault, I 
think it was inactive section 2-on the bank of the 
Mackenzie, and six, which was across -- the one across 
the Narrow Creek, we did some restoration. Now whether 
that's the prescribed method -- 

Q I raise the question 


because in the application there are certain recommended 





Stabilization measures that the applicant indicates he 


will utilize in the event of shallow slope instabilities 
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and I just wondered if you knew offhand whether any of 
those techniques had been used at this or any other 
test site in order to test them out. 

A I'd have to review what 
the application says with respect to restoration, Mr. 


Scott. I can tell you what did go on at Sans Sault 





with respect to restoration. 

Q Well, let me ask you this 
Has any report or study or is there any catalogue of 
the way the stabilization techniques that you used at 
Sans Sault worked and performed in the ground? 

A Not -- I think the method | 
used may have been dealt briefly in this report, and | 
the effectiveness of the repair is, I don't think is : 
in an engineering report, it may be ina report preoarel 
by the botonist, I'm not sure, Mr. Scott. | 

Q I'm simply concerned be- 
cause inadvertently, I've no doubt, you had an opportunit 
to utilize the recommended courses at this test-site 
and I wondered if any studies have been done of which 
you're aware on how they worked. Now if you don't 
have that information, perhaps you can: find: it for 
us on a later occasion if it exists. 

WITNESS HARDY: Yourappre= 
ciate, though, Mr. Scott, that this sort of failure in 
these pictures is not new to the pipeline practice in | 
the northwestern part of this continent, and so it 


would be a mistake to assume that the remedial measures 


that are in that report are dealing with completely 
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Hardy ,Willia ms : 
| Cross-Exam by Scott | 
2 new situations, as far as the people who offered that 
3 report are concerned. | 
4 Q Or no fp bue'"1 wovld Mr. | 
5 |i Williams, ask if there is any report that you could | 
if ask your counsel to produce it to us, it seems to us | 
A | consistent with seizing every opportunity to experiment 
8 this would have been a suitable occasicn to do so. | 
9 WITNESS WILLIAMS: I'd like | 

19 -- Dr. McRoberts reminds me that probably in one of | 

ll the later Sans Sault reports that are on the list, | 

12 there are some pictures of the re-vegetation at the 

13 inactive section No. 6 on the bank of the Mackenzie | 

14 and probably at the Small Creek crossing, I would | 

15) have to review that to answer properly. | 

16: MR. GENEST: Mr. Scott, ! 

17 could I interrupt? I just want to be clear on the | 

18 kind of report you're trying to ascertain exists. 

19 MR. SCOTT: Well, I want to 

20 know first of all if any of the recommended stabilization 

21 techniques were tested at this test-site or indeed at 

22 any other. 

23 } * Our research 

= report doesn't indicate anything about that. 

a If they were tested 

there with this or other opportunities , it would 

Au be helpful to see them. 

ae MR. GENEST: This would be a 

“gs test of recommended stabilization techniques which does 

es not exist as a matter of conventional pipeline practice 
| 
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MR. SCOTT: No, I am simply 
Saying there may be conventional techniques. I am 
simply observing that in a sense a golden opportunity 
was made available to the applicant to test its tech- 
niques on the ground, and I wondered if that was done 
and what the results of it were. 
Q Well now, I'd like to 
Lurn) to oné other mattex. Dr. Slusarchuk, are you 
familiar with the work of Linell, reported at the 
Second Permafrost Conference based on Alaskan 
experience which indicates that the removal of 
trees is a consequential factor of importance in 
degrading permafrost? 
WITNESS SLUSARCHUK: I think 
I perused that report, sir. I have no specific 
details of it. 
Q Well, just so we'll have 
it as a matter of record, the report is by Kenneth A. 
Linell of the U.S. Army Cold Regions Research & 
Engineering Laboratory, entitled: 
"Long Term Effects of Vegetative Cover of 
Permafrost stability in an area of discontinuous 
permafrost." 
That was a paper tendered, as I understand it, at the 
Second Permafrost Conference in the Soviet Union. 
A Yes sir, I'm generally 
familiar with that piece of work. 
Q I will try and tender 


a copy of that report because it contains a graph. 
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Sorry, Mr. Commissioner, I don't have copies of the 
graph but I wonder if Dr. Slusarchuk could look at it 
and see if he agrees with the conclusions that are 
illustrated in the graph, and then we can -- 

A Yes, I've seen this 


graph previous, and I think this graph is a statement 





of fact, there's nothing to disagree with. 


Q You don't quarrel with 
ae 

A No, 1 don’t quarrel with 
that. 

Q What does that show about 


the effect on permafrost of the removal of a tree cover 


| 


over a period of years? 





A In this case, it indicates 
that permafrost will degrade with time. | 


Q Well, can you give us 


-- because I don't read graphs very well, especially 


when they're not here -- the figures in that example? 
A In this graph there are 
two areas, sir. There is under the trees and the 


moss, and in one case they just removed the moss and 
in the other case they removed the trees, and in anothe 
case they removed the trees and the moss. Do you want 
me to give you the figures here or here? 

Q Perhaps youcan tell us 
in depth of degradation the effect of removing the 
trees. 


A According to this graph 
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after 26 years, for example, the permafrost had degrade 


from about three feet to about 13 or 14 feet, after 
26 years. 

Q Where does 26 years 
appear? Is it on one of the -- I see. What is the 
degradation from the removal of trees after, let us 


say, five years? 
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l A After five years, the 
2 | permafrost table has moved down from a depth of about 
. three feet to about five to six feet. This is 
4 actually given in meters, I can give them to you in 
5 meters, 
6 | Q Alheright ,!wellebeam 
7 | handling Celsius at the moment, I'm not on to meters 
8 : yet. 
9 A Okay. 
10 MR. GENEST: Would the figures 
Ti 3rto«13remetres? 
42 
3 A No, sir, I am translating 
14 in feet. 
15 Mis) oCOTT: 
16 | Q Well now, would it be a 
eal fair conclusion from that example, that the most 
18 pronounced degradation of permafrost results from 
19 the removal of trees? 
20 A The most or a most? 
21 Q Compare the effect, if 
22 you can, from the graph of the removal of trees on 
23 permafrost as opposed to the removal of what I take 
24 it to be moss and peatme> 
25} 
26 | A Yes, removing the trees 
27 has a significant effect on the degradation of perma- 
28 frost.; 
29 Q Well, would you agree with 


30 me that obviously the removal of peat and moss 
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| continues the process, but that the most marked effect 

2 | results from the removal of trees? 

3 A Theat tdeesmet —-1tthat Ysinot 

4 what this graph shows,sir. Here's -- you can see it 

5 here, this is where the trees are removed, these 

A this is where the trees and the moss is removed. 

7| Now -- 

8 Q Take five years. 

9 A Well in five years under : 
10 one section it's degraded about three feet where the | 
T1 trees are removed, and then the other degraded about 
12 six feet. 

13 Q AUPTrig@e.ilL willl etry sand | 
14 tender that as an Exhibit, Mr. Commissioner. 
iS 
16 ( REPORT ENTITLED "LONG TERM EFFECTS ,OF 
Li VEGETATIVE COVER ON PERMAFROST STABILITY IN AN 

| 
18 AREA OF DISCONTINUOUS PERMAFROST" MARKED EX. 96) 
19 Q Well would you, did you | 

20 hear Professor MacKay give his evidence in the overview? 

ot MR. GENEST: Excuse me, sir, 
22 can we give them an exhibit number now, sir? 
23 THE COMMISSIONER: Yes, 96. | 
24 MR. SCOPRT: 
ae Q Did you hear Professor 
264 MacKay's evidence in the overview? 
Pa A Nadesireeltdid not: | 
28 Q No. Well would you agree 
ZY with the proposition that generally speaking, the | 





30 removal of trees has a very marked effect in terms | 
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i of degradation over a five year period? 
2 A It does sir, it doesn't 
3 necessarily mean it's going to degrade, but it cer- 
4 tainly can and it does have a marked effect where it 
5 will degrade, that's for sure, 
6 Q Yes. Well I -- you perhaps 
7 haven't read the paper and I won't ask you to do 
8 so. 
9 MR. GENEST: I'm sorry, I may 
10 x have created some confusion. The exhibit that I 
Bl understand that Mr. Scott will be tendering is the 
12 graph, and not the whole report. 
13 MR. SCOTT:.; Well, I'm going to 
14 table the whole report and it's subject to proof in 
15 the usual way. 
16 MR. GENEST: Well in effect 
17 if the rest of the report is not proved, it's not 
18 evidence. 
i9 MR. SCOTT: Well the graph 
20 will be evidence. 
21 MR. GENEST: The graph is 
22 evidence. 
23 f MR. SCOTT: 
24 Q Well.Dr. Slusarchuk, I 
25 want to ask you whether you have formed any judgment 
26, as to whether the simple revegetation of the right- 
a | of-way will prevent the degradation that occurs as a 
28 result of the loss of tree cover? 
29 WITNESS SLUSARCHUK: 


30 A Yes, I think I've formed 
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1 an opinion. 
2 re) What is your opinion? | 
3 | A Well the revegetation of, | 
4 you say of the right-of-way, as I understand it, 

5 the revegetation is only going to take place where 


it's been distrbed, not across the whole right-of-way, 


so we're just talking about the mound over the top 





of the pipe. Is this what you have in mind? 





- . Q Well let me put this 
situation to you. Let us assume a situation in which 
over five -- in which both tree cover and vegetation 
have been removed on the right-of-way? 

A Yes, sir. 

Q And let us assume for fhe 
purposes of the example, a case that is given in the 
graph,that is at five years, that the tree level, . 

the tree removal has reduced the permafrost to six 

feet -- 

A Yes, sir. 

Q -- and the peat and moss 
removal has removed an additional three feet. So the 
permafrost has degraded then from three feetto nine 
feet? 
i -< 


In this example. 


> O Pp 


In your example, yes, sir. 


what is your opinion as to the effect on the permafros 
of revegetation by sowing grass seed in the -- well 


at say, in the second year after removal? 





0 Now what -- have you any | 
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A Well, are you asking me to 


consider that we don't have a pipe underneath it and 


that within about two or three years the pipe is going 


to come on and be cold? You're just talking about 
some situation heey seen off -- 

Q For the moment, yes. 

A Well, you are going to get 
something like you got in the graph there. 

Q Yes. Well I'm asking you 
what the revegetation by the sowing of random grass 
seeds, or even the best grass seeds, is going to do 
to restore the permafrost? ; 

A I think eae just put 
grass seed back on therg you would end up degrading 
the permafrost for the first few years similar to 
what you've seen on that graph. e 

Q Yes. Well now, -- 

THE COMMISSONER: Mr. Scott, 
just to clarify, your assumption is that the whole 
width of the right-of-way is stripped of vegetation? 

MR. SCOTT: Well I'm not saying 
that, I'm saying -- 

THE COMMISSIONER: Well that's 
how I understood your question, your assumptions. 

MRiLSGCOTT-ct I'm taking a strip, 
I don't care how wide it is, I don't know how wide 
you are going to make it, and I take it that that's 
your answer with respect to that situation? 


WITNESS SLUSARCHUK: 


A Well I thought we weren't 
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even talking about a right-of-way, we were just | 
talking about some arealthat is stripped of grass 
and trees, grass and moss and reseeded -- 

Q Yes. 

A ~- and what was going 
to happen, and in that case I think what's going to 
happen is what you see on the graph, 

Q Welldliyy aliln right. 

A In most cases. 


Q Now, to what extent will 





the situation be different if a pipe is buried and 
novchil led lair puts throught ? 

A Well you have to keep in 
mind the two dimensionality of our situation, with 
regard to the thickness of permafrost and how wide 


a strip we're -- we are in fact removing,,and if in 


that case -- if for example, the disturbed area was 


only say the width of the pipe, just to get the 





pipe in, because you're talking about a hypothetical 
case here, and then put your pipe in, you wouldn't 


get the type of permafrost degradation that you're 


talking about there. 


You would get a dip, but you 
wouldn't go like that, because of that permafrost 


on either side of it would affect’ it. 


Q Yes. 91 take, it what you're 


saying is that a dimension that must be considered 





is the width of the strip =- 
A VYesinsin: 
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A Vespisir. 


Q Well now, 


what is the con- 


sequence in your judgment if you have formed one, 


about chilling the pipe two years after the stripping, 


or three years after the stripping and the laying of 


the pipe? 

A L wthink 
permafrost degradation completely, 
-- well it will stop it and return 
former level. 

9) Now let 


statement from Linell's paper -- 


dite 
in 


it 


me 


will stop the 


Fact sit webl 


at lea, st tocits 


read you one 


THE COMMISSIONER: Excuse me, 


what will restore it to its former level? 


A The cold pipe, sir. 


Q The passage of ,chilled air 


or gas through the pipe? 


A Yes sir, and we are talking 
about the -- as I understand it, we are talking about 
the mound above the pipe that's been -- trees have 


been taken away and it's now in a bare state, been 


reseeded and two years later we turn the pipe on, it's 


now cold, and the question is whether or not -- or 


what's going to happen to that permafrost, and I'm 


saying the cold pipe is going to stop the permafrost 


from degrading. 


MR. SCOLT : 


Q Well now, 


binell assnot 


talking about a pipeline situation, but I want to put 


this statement of his conclusions from his report to 
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you and see if you agreewith it. | 


"Tt is concluded that in an 


environment like that at Fairbanks, the main- 





tenance or re-establishment of a random mix 
type low vegetative cover cannot be counted 
on to stop or prevent permafrost degradation 
in an area subject to surface disturbance". 
A I agree with that, sir. 
THE COMMISSIONER: The reveget- 
ation doesn't assist in the storing of permafrost, 
it's the passage of the chilled air or gas to the 
pipe that is effective, is that the point? 


A That's the point here, 


yes. 
: Q That is your point? 
A Yes, sir. It certainly | 
assists, but there}is no -- the revegetation would 


assist to slow down the degradation. I don't want 
to get the point that I'm not saying that, but what's 
really going to stop it is the cold pipe. 

Q Yes 

WITNESS MORGENSTERN: 

A I might add a coment, 
Mr. Scott, to put this in context, the Fairbanks 
site that I know fairly well is very warm permafrost 
and we should bear that in mind. It's not character- 
istic. of the ground temperature along this whole 


pipeline. 
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MR. SCOTT: 

Q Well I think we heard 
yesterday that the relatively warm permafrost, south 
of Willowlake, 31.9, that would be typical,wouldn't 
it? | 

A Yes'. 

Q It's not only comparable, 
but in terms of warmth, warmer than Fairbanks? 

A The same sort of region. 

WITNESS SLUSARCHUK: 

A All of the permafrost south 
of Willowlake River is not at 31.9 degrees, sir. 

Q No, but it's warmer than 


the permafrost further north? 
A Certainly. 


Q Well now, let's take us 
example. That deals with the pipe. I understand that 
the applicant fy going to build a winter road south 
of Norman Wells, is that correct, is that your under- 
standing? 

A I'm not sure, sir. 

Q Well asn°t-that so, Mr. 
Williams? 

WITNESS WILLIAMS: 

A I feel reasonably sure 
that there are several winter roads proposed south 
of Norman Wells. 

Q Well you proposed several 
winter roads, isn't that correct? 


A Yes, I'm sure that's shown 
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1 in our construction plans. 
5 Q And in all probability, 
a without tying you down, there's going to be a winter | 
4 road that will probably come down close to the | 
S Alberta border? 

6 A Yes, we show several winter 


roads in that area. 

Q And you're going to strip 
the tree cover in order to build those roads? 

A Yes, carefully. 

Q Well now, Dr. Slusarchuk, 
what do you say about the effect on the permafrost 
in the event that the tree cover and perhaps the low 
lying vegetation is stripped in order to build a winte 
road? | 
WITNESS SLUSARCHUK:, 

| 


A There's a good chance it's going 


to degrade, sir. 
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Cross-Exam by Scott 


Q To the degrees that 
were shown in Linell's article? 

A TPedon*te== 1. think in 
general terms it will be, but as I understand the 
procedure that is taking place at that test-site, the 
data that's actually being reported, year after year 
tey go in and make sure that the moss and the grass is 
removed and that the small brush Ls .cut. .downh,. a-it.S 
a different situation with ours, as time goes along, 
of course, we wouldn't go in there year after year and 
do, that. 

Q Well now, let's take one 
other example. I understand, Mr. Williams, that a 
winter road is going to be built down the easgment for 
the purpose, for at least one or two years, of construct 
ting the pipeline. 

WITNESS WILLIAMS: Yes sir, tha 
would be the snow road and winter road would be incor- 
porated in the pipeline right-of-way to the extent 
possible. 

Q Yes, and that will be a 
read of what width? 

A Oh, in the neighborhood 
of 30 feet. 

Q Yes. Well now, Dr. 
Slusarchuk, in view of Linell's experience, what is 
your judgment about the effect on the permafrost of 
the construction and the usage of that road along the 


easement? 
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1 

2 | WITNESS SLUSARCHUK: It is 

3 quite possible that it will degrade there too, in 

4 some cases. 

) Q Yes, and do you agree 

it may 

6 that it will degrade, or ‘degrade to the extent that 

7 Linell has indicated? 

8 A With the -- in general 
9 terms, yes, but keeping in mind that they've gone 

10 back there year after year to clear out the new vege- 
ll tation that comes in, as this new vegetation comes 

12 in it tends to reduce the rate of degradation. So from 
13 that point of view it would be a little bit less for 
14 the same situation there. 

15 Q But that's not tree 
16 vegetation, is it? That's grasses and low‘shrubs. 

1? A Well, there's two areas 
18 there that they're talking about, sir. There's the 
19 trees, and they removed the trees, and then they 
20 removed the moss as well as the trees. 
21 Q Yes, but I take it that 
22 nothing -- I'm sorry. 
23 : A Well; in what I've said 
24 there, that under the areas where they said they 
25 removed the trees, I understand that year after year 
26 they come and clean out all the small brush to make 
27 sure that there are no trees starting to grow up in 
28 there, and where they've removed the moss, year after 
29 year they go in there and remove that to make sure 

30 


that nothing is coming up to change the initial 
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Qoss-Exam by Scott 
conditions that they set out to look at. That would 
really be a worst case situation, if you allowed the 
vegetation to start to re-establish itself, the rates 
of degradation would be naturally somewhat less. Le 
wouldn't necessarily be impeded, but it would be a 
little bit less. 

Q Well now, you've done 
some experiments at the test facility with respect 
to re-vegetation, I understand. 

WITNESS WILLIAMS: Certainly 
re-vegetation tets were conducted at all sites. 

Q Yes, and Dr. Slusarchuk, 
are ‘those tests consisten t with the opinion and 
judgment that you've given today? 

WITNESS SLUSARCHUK: I think 
they are, sir. 


Q And I take it then that 


what we may anticipate is that where there are roadways 


which have necessitated a tree cover removal, that 
there will be fairly substantial degradation of perma- 
frost. 

A In some cases, sir, yes. 

Q What is the practical 
implication of that degradation? 

A You're going to get 
settlement, thaw settlement in ice-rich permafrost, 
that's one implication. 

Q Is there anyother 


implication in terms of water? 
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Cross-Exam by Scott 


A Perhaps you could ask 
me the question you're trying to lead me to, sir. 

Q Nova Lym, noc trving, to 
SAGO LEO sanVnasdeiudust «trying «to find, out. This 
is one case I'm not leading you to an answer. Are 
there any -- obviously it's going to subside. Are 
there any other consequences? 

A Well, are you talking 
about drainage and erosion, sir? Are you talking about 
the water that's thawing that has to come up to the 
surface? 

Q Yes, what's going to 
happen to that water, for example? 

A It's going to tend to 
Migrate towards the surface as the soil settles. 

Q And then what's going to 
happen to it when it comes to the surface? 

A Well, I guess a great 
number of things could happen to it. It could evapor- 
ate, it could run downhill if it was on a slope, it 
could just pond. 

Q And then in winter I 
take it it will freeze. 

A Well, I would assume so, 
with that surface. 

WITNESS MORGENSTERN: May I 
comment, Mr. Scott, to stress the qualification that 
Dr. Slusarchuk noted that we'll get settlement when 


we have degradation in ice-rich permafrost? We have 
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examples from the Mackenzie Valley of more substantial 
degradation than Linell finsand there is no discernible | 
settlement at these locations, and the reason why the | 
degradation of warming is so rapid, so extensive, the 
fact is because the ground is likely to be very ice-poor 


and the, good state of ‘the surface of the ground also | 





reflects the fact that the ground was ice-poor. So we 





should bear that distinction in mind. 

Q There is going to be lots 
of ice-rich soil between Willow Lake and the Alberta 
border, isn't there? 

A There will be some, but 


the more ice-rich the material, the less the extent 





of degradation in a given period of time. | 

Q Because if in that area | 
there wasn't much ice-rich soil, that would be a factor| 
that would favor stopping the chill of the pipeline | 
earlier, isn't it? 

A It would be a considera- 
tion. 

Q Yes. So we may anticipat 
because of your conclusion that the pipeline is going t 
be chilled to the Alberta border, that you're doing 
that in part because there will be substantial deposits 
of, ice=rich soil. 
A Yes. | 
Q so it's either one or 
the other. You could stop the chilling or you're going 


to have this degradation. 
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A My point was to draw 
attention that degradation to us means a warming of the, 
ground. It's only when one degrades ice-rich permafrost, 


that we get settlement of the ground. 








Q Well now, Dr. Slusarchuk, 


if there is an accumulation of water, is that going 





to have any effect on degradation? 
WITNESS SLUSARCHUK: You're 


talking about this water now coming up, pereolating up 





to the surface? 
Yes. 


| 


A It would tend to reduce 


the rate of thawing. 


Q Well, isn't it one of 





your theories -- 


i 


A The movement, the pica 
of the water up towards the surface would tend to 


reduce the rate of thawing. 





Q But if there are pools 
of water that collect on the surface, does that have 
any effect on the degradation of permafrost? 

A Yes, it tends to keep 
the ground a little bit warmer under those pools, 
so it increases the rate -- 

Q It increases the rate 
and extent of degradation. 

A How big of a pool are 
you talking about? I mean are we covering -- if we're 


talking about the kind of pools, for example, that 
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i 


we'd find along the rights of ways, along the test-siteg 
for eample, it will increase marginally in the first 
year or two, and after that it wouldn't increase it 


too much because there are two dimensional effects 





start to come in. 


Q Indeed the pool at one 


of the test-sites, I forget whether it's Calgary or 
Sans Sault, has indeed increased the degradation of 


the permafrost under the pool, hasn't it? 


A I don't have knowledge 
Omitcnatye sir. 

Q rsnvtythat so, iMr« 
Williams? | 

WITNESS WILLIAMS: I'm not 
sure. | 


} 


Q As a matter of principle, 





Dr. Slusarchuk, there's no doubt that it would, is 
there? 

WITNESS SLUSARCHUK: No; «1 
don't think so, for the first few years, you know. 

Q Well, the rate of 
degradation declines, as you pointed out earlier. 

A Just in general it does. 
No water there at all, but then what I'm also saying 
is that if you have a small pool, it has more effect 
in the first few feet because it's acting more like a 
one-dimensional leat supply, you might think of it as 
a lake with regard to the first foot or so; but as the 


thaw starts to degrade farther and farther down, you 
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1 Cross-Exam by Scott 

4 start to get the influence of the cold permafrost 

3 | around it, and it tends to reduce the rate that you 

4 | have under there. 

5 Q So would you agree with 

¢ me that in these situations where they occur, drainage 

7 becomes a truly important question? | 

8 A To drain the ponds? 

9 Q To see that there is no, 
10 as the permafrost degrades, that the water is rapidly 
Li | removed so that it doesn't pond. 

12 A I don't agree with you 
13 that small ponds on the right-of-way are -- have to | 
14 be drained right away, or have to be gotten rid of, | 
15 AUT lp ae | 
16 Q Well, let me put it this i 
17 way. The Reve oonent oor these small ponds is going to | 
18 add to the existing drainage problems, of which we've | 
19 heard. There is going to be an accumulation of water 

20 that will add to the normal drainage. 

21] A Pres ou “ret == Im not 

22 sure if you're implying, sir, that the amount of water 
23 that's released and fed to the surface is a significant 
24 portion compared to the normal drainage, because if 

25 that's what you're implying, the answer is quite 

26 clearly, "No." It's an insignificant ‘amoun, t' that's 

é7 going to be thawed and released up to what naturally 

ae has to be drained across the surface or throva> the active 
e layer in the earth. 

= Q Well, is there any risk 
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that the surface water will collect in the degraded | 
| 
holes? | 
A Oh yes. 
Q All right, then doesn't 
that add to your drainage problems? 
A Well, you have to talk 
to somebody else about drainage. 
Q No, bUt Just so I'll have; 


it clear, if we're going to have subsidance, not in 


all places, as Dr. Morgenstern has pointed out, but if 





we're going to have subsidance from place to place rar 
there were ice-rich soils, adjacent to the roadways, | 


if not the pipeline right-of-way, now whac was I going | 
| 
| 
i 


to ask? 
(LAUGHTER) 
A We're even now, sir. | 
Q iden, Cetnink (so. et 
those ponds are going to develop -- and when I say 


"ponds" I mean areas of subsidance in which water 
collects, isn't that going to create a run-off drainage 
problem because the water that comes down the slope or 


across the land will gravitate towards those ponds? 





A Well, it's not -- 

Q In subsidance areas. 

A Yos, (le Wall, and, at wilt 
ss OS Os Mies bp Srsgttetas: table is high at that time it will 
in fact show as a pond and you'll see it there, but the 


point that I'm trying to make is that what you've just 





identified is not equated to a major problem, in all 
instances. 
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ih Q Well, because it doesn't 

2 atfect the integrity of ther line? 

3 A hese, -— 1 t depends on the 

4 size of the pond. There is no way you can stop these 

5 small ponds from developing, we know that, and there 

61 are just hundreds of them up there and if it does 

5 | degrade, it's going to degrade unevenly from place to 

8 place, as you're implying, and you're going to have ! 
9 small ponds and it's not necessarily going to degrade | 
10 the permatrost faster wn. thatwarea.., l.guess,.if. vou 

aa want to have an answer what that means with regard 

12 to drainage and erosion, I'm going to have to actually 
13 turn it over to somebody that talks about drainage. : 
14 Q Well we will be dealing | 
15 with drainage and erosion later. I would feel better | 
16 if I thought you were going tostock the ponds, but -- | 
17 A Teionyte think thelr Sh | 
18 biologists would go with that sir, because I am sure | 
19 they die pretty fast. 
20 Q Mr. Williams, are you 
24 continuing your observations with respect to reveget- 
22 ation at any of the test sites? 
23 WITNESS WILLIAMS: 
24 A Yes aes every summer the | 
25 -- our staff botanists go to Sans Sault at least, | 
a i*m not sure: what ‘they. do at’ the) other sites), but I 
27 know they have been going there every year. | 
28 Q And I take it that reports | 
29 are made at intervals so we may anticipate a report | 





30 on the progress of that in the early autumn? 
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Assuming were here? | 

A I would expect so, sir. I 
think they are included in the biological report 
series up to that point in time. They're probably 
preparing additional reports on their observations 
last summer. 

Q Well now, you have set out 
I think in the application certain observations 
about the environmental effects of winter roads, as 
you understand them. Are -- have you any conclusions | 
about the effects of winter roads over the long 
term? Or any studies or any reports that deal with 
that subject? 

A Probably a report done in 
oh 1970 or '71 by R.M. Hardy and Associates that 
-- where they observed a great number of disturbances 
in the north and they took survey measurements and 
so forth. That"s one ‘report. 

We of course,we -- 

Q PTescry Lid COT Zero 1n, 
we've seen some of your reports. I'm trying to zero 
in on the test sites. Now at the test sites you had 
winter roads. Have you done any work or made any 
reports or collected any data of the effects of those 
winter roads at the test sites that we can have? 

A I feel sure that the 
botanists included in some of their reports some 
observations of that attempted construction of a 


winter road at Sans Sault that I illustrated on the 





slides. I know for sure that they have done a -- 
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they have recently published a report on the surface 
vegetation situation at Inuvik following, the summer 
following that snow road test at Inuvik. 

That report, I think, came out 
in December of '74. 

Q Well at the test sites, 
have they done any work on winter roads and degradat- 
ion? 

WITNESS MCROBERTS: 

A There is some studies 
reported in a report entitled, I'm paraphrasing the 
title, "Geothermal and Meteorological Observations" 
at the Sans Sault facility, in which the amount of 
thaw in one or two transects crossed a winter roads 
is presented. 

Q Apart from that, is any 
currently being done, Dr. Williams, Mr. Williams? 


WITNESS WILLIAMS: 


A The botanist will be doing 
a -- or will be continuing their observations at Sans 
Sault and at Inuvik. I -- and they have studied 


other disturbances in the north, they are working 
around -- have done some work around Tuk, I'm pretty 
sure, 

Q ietake 2t-enen, Us ol ti taiaxr 
to say that whatever else you may be doing at Sans 
Sault, you're not following through any studies with 
respect to the effect of winter roads and degradation 
there, nearby? 


A Not from an engineering 
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aspect, but I think the botanists do this in their 
vegetation study, and I think they record some of 
those depths in their studies. I know for sure at 
Sans Sault on the active sections, that they have 
reported I think over -- at least the first two years 
of operation of the test site, the surface -- the 
level of the permafrost across the right-of-way, and 
have tied it into their various grasses that they 
seeded there. 

Q So if we are going to get 
it with respect to Sans Sault,we're going to get it 
from a botanist, is that the picture? 

A Yes, sir. 

Q Yes. 

Those are all the questions I 
have on this phase, Mr. O©Ommissioner. I'm moving to 
a new subject. Is this a convenient time? 

THE COMMISSIONER: Yes, this 
phase of this panel, not -- 

Well we will adjourn til 2:30 


then. 


(PROCEEDINGS ADJOURNED TO 2:30 P.M.) 


Slusarchuk, Morgenstern, Cooper, | 
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Hardy ,Williams 
il Cross-Exam by Scott 
2 (PROCEEDINGS RESUMED PURSUANT TO ADJOURNMENT) | 
3 | MRe  ScOli OL DiswoLusar Chirk, 
4 Tewanee LOpask yout Tehave thes correct definition of | : 
5 a number of terms that may be relevant at a later stage | 
6 | of the Inquiry. First of. all, ,.do I understand the 
4 expression, "geothermal regime" to be the temperature 
8 environm_ent? 
2 WITNESS SLUSARCHUK: The tem- 
10 perature environment and the heat fluxes associated 
ll with that, the heat transfer that flows around, yes an 
12] 0) And dol undexrstandepthe 
43 expression, "geothermal analysis" to indicate the 
14 way in which the changes in the geothermal regime are 
L5 predicted? 
16 A That's reasonable, yes sit. 
17 Q And the "geothermal | 
18 program" to be the technique by which the analysis is | 
19 carried out or carried forward? 
20 A That's our main method, 
21 our computer program, yes sir. 
tod Q Well now, I take it that 
23 you have at pita vere geothermal programs, one iden- 
24 tified as Battell-Brooker, and identified as the E.P.R. 
25 program. 
26 | A Yes sir. 
27 Q And I understand that 
28 the function of these programs in layman's terms is 
29 to tell us a number of things, or to tell you a number 
30 of things, one is the rate and extent of thaw. 
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A YesoSir;. 





Q And that obviously relates 
to your ability to predict degradation. 


A Yes sir. 


Q The second is to predict 
the rate and extent of freezing. 

A Yes sir. 

Q And that relates directly 
to your ability to predict heave. 

A It does that. 

Q And that those two func- 
tions are essentially the two functions that the 


| 
geothermal program is designed to achieve. | 
| 
| 





A Those are the two main 
functions, yes sir. 

Q And the program is 
designed to predict the temperature or temperature 


changes at a variety of depths from the soil surface. 

A Yes Sir. 

Q In other words, it's not 
concerned with what is called ambient temperature, it's 
concerned with temperature in the soil. 

A It's -- if we're talking 
about predicting, then we're concerned about predicting 
in the soil, but we do use the ambient temperature as 
part of the input to the computer program. 

Q It's part of the input 
but it's not part of the outgo, the objective is to 


predict temperatures in the soil. 
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A Absolutely. 

Q At various depths. 

A Yes sir. 

Q And the objective of the 


program is also to predict those temperatures at 
various depths at various times in the future. 

A Yes sir. 

Q And would it be correct 
to say that in respect of degradation and heave, the 
geothermal program is an essential component of your 
ability to respond to these problems? 

A TevsGan-integral part of 
that, of our overall design tools, yes sir. 

Q Well now, is it perhaps 
axiomatic that a program, a computer program or a data 
program is, in terms of results, only as good as the 
data, the raw data that is inserted into it? 

A Yes sir. 

Q And I presume that you 
would agree that the result of the program, that is 


the predicted temperature in time and in place, will 


be extremely sensitive to margins of error with respect 


to certain kinds of data input. 

A Not extremely sensitive, 
Str nO, rte se not. 

Q Well, let me put it this 
way. Margins of error for various kinds of data have 


been established by the program itself. 


A Lidon’ € trollow that, siz. 


| 


} 











; 
bs J ee te i 
ves os BAMRUe 





agzedofom, brarapai i Lot ise TS 
¢9qo02, 71932nsPxOM, wy 

ame tla rn ybtst 

+3092: Yd maxd= ~220T2 | 


yistyloedA A 

adtaqeb soixsbv 3A Q 

. Bie) 2eyx A: 

apis to svisostdo ef? OBA 9 


+s estusessomes séondd Joiperq oF ogi s. ei mexporg 


oxuudid od¢ né eomttd ayotisy ds ertqe> avoizsyv 


fe @oY 4 
4ooaxyop ed tf bivow baa 0 
ott ,eveen brs nottebsapesd io tosqestr mi jens Ysa ot 


tuoy to jnsnoqnies [siansecs: As ai metpotq Iserredtosp. 


Sametderq seent ot Baogast oF ystiiids 

to sise Isxpogal tis’ @' PI A 
tie) aby .2icod npitdsh iistevp 10. 70),, eat 

agsriteq ti et ,won ffow © 
B3eb 6 tO mSipdatc a1stuqmoo 5 .msexvesg 6 Jeds obssmoixs 
sdf a6 boop es yine ,etlusex Jo amie? at ,2i mairpoxg 


¢4+# oftni bes veeni et sed sdpb wer oft 4,658 


148 207 A 
yoy tats omveerq I bas 9 


ai ted .meipoxg oft Io tivest edt sade sotps Bioow 


iliw ,e@osig ni Bos omit at oxwss1eqmed: hedotbeiq en? 


joogess fitziw toms to snipism of svistanse viemexsxesd 


* 


Jug¢t steb to. ebnit nisdteo oF 


,ovisianse ylamexgxe to" A ‘aie 


on 


.tJon e'th .oma ake 
etd? ti tug om gal ,ilow 0 


on 


sved sisb io 2baitx ewoitevy xt0l toizes to anipisM «yaw. 


tives: mezporq oft yd betetidsses need 


tle ,jert wollot s‘nob T A. te jong 





ALLWEST REPORTING L-TD. 3379 
BURNABY 2, B.C. 











Clark ,Hollingshead,McRoberts 

Slusarchuk ,Morgenstern,Cooper 
Hardy ,Williams 
Cross-Exam by Scott 





Q Well, I take it that | 
there is a wide variety of data that the program : 
calls for in order to make the predictions that are | 
sought. 

A Yes sir. | 

Q And for example, I don't | 
mean to be exhaustive, the data involves wind i yor 
at various places and times. | 

A That's one of the inputs. | 

Q Ambient temperatures at 


various places and times. 


A Yes sir. 
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Q And a variety of other 
kinds of statistical information? 

A Yes@: Sirs 

Q Yes. Well, is it correct 
that in collecting the data that is inserted into 
the program, either the applicant or the -- or those 
who have developed the process, have established 
margins of error in respect of the data? 

A We don't -- we have not 
established that, sir, no. Not -- like taking your 
term wind speed, for example, we don't have a number 
that says the wind speed is this plus or minus a 
certain percent. 

Q Well let's take two input 
data as an example. One of the input data is thermal 
conductivity? : 

A Yes, Sir. 

Q Yes. Now, would you 
define for us what that data is? 

A What thermal conductivity 
is or what we have obtained our data? 

Q What thermal conductivity 


means? 


A Thermal conductivity is the 


ability to transmit heat through a medium -- 


Q Yes. 
A -- such as ground. 
Q Well now, I'm reading from 


-- before you get to that, let's take another factor, 


the greenhouse factor, and can you describe in, or 


a 


A ae 
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can you define in straightfoward terms, what is 
represented by that factor? 

A The Greenhouse factor 
is defined as the ratio of the long wave radiation 
received at ground surface over the long wave radiat- 
ion emitted from the ground surface. 

Q Yes. Well, did that -- 
just so I'll be sure I understand the mechanism 
involved, I take it that heat emanating from the sun 
is reflected off the surface of the earth? 

A That's short wave 
radiation sir, not long wave. 

Q I see. Well, where does 
long wave radiation come from? 

A Right now, sir, everybody 
in here and all things are radiating heat,at a 
certain temperature. 

Q MAAS iright. 

A And at lower temperatures 
such as we're used to, we emit long wave radiation. 

Q All right. Well now, 
that's the radiation you're concerned with in the 
Greenhouse factor? 

A Yes, sir. 

Q Yes. And I take it that 
the analog to the Greenhouse is a cloud cover? 

A Yes. The ground surface 
is always -- is at a certain temperature, and it is 
emitting heat via long wave radiation from that 


surface. That's one of the components of the energy 
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1 balance at the ground surface. Some of this heat | 
2 is reflected back or re-radiated back because there | 
a is a -- the clouds themselves are in fact radiating | 
4 heat, and it's that ratio of what's come back to poses 
5 going up that is Greenhouse factor. | 
6 Q And that rmatio,is .measured | 
a4 and is one of the inputs into the program? | 
8 A Yes, sir. 
| Q Yes. Well now, I would | 
10 like to refer you -- I'll just read the passages, | 
a to the final report on Arctic’ Gas Thermal Soil | 
12 Behaviour Model to Canadian Arctic Gas, dated August 
413 15th, 1974, of Battell and Brooker, and I take it 
14 you're familiar with that report? | 
15 A Yes sir, I am, | 
Q Well now, on page 2, ! 


Roman II-26, speaking of input data as I understand 
it, the authors say with respect to thermal conduct- 
ivity, and I will only be dealing with these two 
factors, I'm not concerned with the others -- 

MR. MARSHALL: Excuse me, Mr. 
Scott, if I may. Are you going to deal with this 
report in some detail? If so, I would like to get 
a copy for the witness. 

MEU SCOTT: NO, Lm going £0 
read two sentences, but I'm happy to show him mine, 
if that's convenient. 

Q Relating to thermal con- 


ductivity, the authors say: 





"Thermal conductivity however requires an 
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1 accuracy of the order of 20 percent". 
| 
2 Now, is that the margin of error that is fixed for ! 
| 
| 
! 


e) the input data which represents thermal conductivity? 


4 A I'm not sure what they're 





5 referring to, why it's fixed at 20 percent there, sir. 
6 || Q But they are the authors 
a of the program? 


8 A They are the people that | 





9 wrote the program, they're not the people that are 


10 using this on this project. We are. 
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Q Would you disagree with 
their statement that termal conductivity, however, 


requires an accuracy of an order of 20%? 





A Yes "Sire 

Q You would disagree with 
that? 

A Yes sir. 

Q What kind of accuracy is 


in your judgment required? 

A Depends on what I'm tryin 
to analyze, sir. 

Q Well, let us presume that 


you're trying to analyze temperatures in the soil. 





A For freezing or for | 
thawing? | 

Q Well, let's take freezing 
£Yrst. What order of accuracy with respect to thermal 


conductivity is required? 

A The data that we are 
using in our inputs are geared to that, is the data 
provided by Kirsten and he puts on an accuracy of 
plus or minus 25% on that data. 

Q And you are therefore 
inserting thermal conductivity data which relates -- 
which is plus or minus 25%? 

A Well, that's what Kirsten 
put on his results. We are in fact dealing a whole 


lot closer to the saturated conditions than what Kirsten 





was, when we put that number on for all the data that 
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he presented. So I think that in most cases we are 
probably better than 25%, probably better than 20%, 
but it's probably not necessary for us to be that 
accurate. However, I think in most cases we are. 

Q All right. Well, let me 
read the sentence again, because there is a comment 
at the end of it: 

Thermal conductivity, however, requires an 
accuracy of the order of 20%, which is difficult 
€o,attain.)" 
Do you agree that data of an accuracy of that order 
would be difficult to attain? 

A If they're talking about 
the complete spectrum of thermal conductivities 
for unsaturated soils to dry soils, I would agree with 
that. I don't necessarily agree that that would be the 
case for the greatest percentage of our situations we 
are talking about saturated conditions only. 

Q Well now, let me come 
to the green house factor, andan yau tell me with 
respect to the green house factor the order of 
accuracy that is being utilized in your input? Mr. 
Genest looks as if he wants to answer this. 

MR. GENEST: Mr. Scott, there 
is an urgent call for Dr. Morgenstern, and Mr. Commis- 
sioner, I wonder if he might be excused for two 
minutes? 

THE COMMISSIONER: Certainly. 


MR. GENEST: I'm sorry. 
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A The question was with 





regard to the accuracy of the green house factor. 


MR. SCOTT: The order of 


accuracy, what you regard as the limits within which 
you must be in order to obtain an appropriate predic- 
baony 


A Well, again it depends 





on what sort of thing we're after, sir. The accuracy 


an order of value on the accuracy with which we have 
the green house factor, I think we use a number -- 


could 
if you'just give me one second -- 


| 

that we require; I'm not aware that we've actually put 

Q Yess 

A I think we use a valve of | 
0.83 throughout the year on green house factor, and it: } 
varies by month, and it does vary a little bit by 
latitude, but not very meh. The numbers that we have, 
they vary froma low of .81 to¥e875xz 

Q Would you be concerned, 
for example, if you were -- if your input data with 
respect to green house factor was within 10%? 


A If it was within 103%? 


Yes. 





Q 
A I think 10% would be fine 
Q What I really meant to 


Say was plus or minus 10%. 


for my answer? 


A Well, you're still waitin 
Q Yes. 
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"This has been shown to be an extremely 


1) ‘ Cross-Exam by Scott | 
2 | A I just don't know how to | 
3 answer that right now, sir. We have not’ as I recall'| 
4 it, gone through a study that actually shows the values | 
-) through which that can vary, other than the numbers 

a that I've already given you, and that would not quite 

7 | be 10%, those numbers that I gave you. | 
2 Q Yesi;ewelleletime just 
4 read you at page II-27, what Battel & Brooker say 
10 with respect to the input of the green house factor: | 
11 "This has been shown to be an extremely sensitive | 
12| parameter." | 
13 First of all, would you agree with that? : 
14 A In some cases it's | 
15 sensitive; in other cases it's not very sensitive at | 
Fe aidh Sire ; i 
17 Q And I take it beens itis” 
18 | in that context means likely to affect the result. 
19 A Yesstsiny 
20 MR. MARSHALL: Mr. Scott, I 
21 think we're going into a lot of detail in this. I 
22 would like to get the report so the witness can have 

an front. of him 

23 it, and he knows the context within which the terms 
24 are being discussed in the report. 

25 | MR. SCOTT: Yes, well you can 
26 show him this if you want to, but I can read the 

27 sentence first. 

mie MR. MARSHALL: Sure. 

29 MR. SCOTT: 

30 
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sensitive parameter and accuracy must be 


#0 cwi th ini F6%2% 


me prepared to show you your report. 

MR.MARSHALL: We didn't bring 
them all down here. 

A I've got it upstairs 


in my room, but I didn't realize we were going to be 





talking about it. At the time that this report was 
written, it's dated 1974 -- 
MRe SCOTT: What, month! is: e727 
A August, 1974. That is 


really just an update. The preliminary -- by an 


technical knowledge that went into it, and the -- I | 
wish I had my book here that is upstairs, but I think 
this was done at least a couple of years prior to this 
because when 1 joined N-EsS., ein °73, April of '73, 


this was already put out so it must have been sometime 





prior to that, and I think it was based on information 
and knowledge -- technical knowledge -- at late 1972, 
and at that time they had, as their heat flux component 
tiSG in With the long wave cadiation term or the 

green house factor term, a term in the energy flux 
balance at the surface that also contained the evapo 
transpiration term, and so they were varying the one 
number and were actually looking for two components 

of energy at the surface. After I joined we decided 
upon review that that wasn't adequate and we broke up 


the two fluxes. We now have one flux for the long-wave 
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radiation term, where the green house factor comes in, | 
and it only affects that portion of the flux, and the | 
evapotranspiration part is quite separate and I would | 
be very surprised, sir, and -- if they would agree to 
this statement at this stage, knowing that we've now 

-- well, they know that we've separated it because we 
got them to make the change in the program. That's 


where I think it was found to be so sensitive in this 


report. 
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Q Latake LE,that your pro~ | 
position is that that statement is not the parameter | 
on which you've been relying? 

A Well it's one of the many 
parameters that we input, but it is not a parameter 
that I would call extremely sensitive. 

Q allsright. ,»Well, is the 
Greenhouse data that you were -- let me put it more 
directly: What is the margin of error that you regard 
as acceptable with respect to data input covering the 
Greenhouse factor? 5 
A We haven't gone through a 
detailed analysis like that, sir, because the 
combinations and permutations are virtually infinite 
if we went through that whole proceure. 

What we have tried,to do is 
gather together a body of data that we thought was | 
the best that we could do, and we did that and that 
is reported in our application of geothermal analysis, 
and we formulated it, or we -- I'm reaching for the 
-- we made specific decisions on which numbers we 
would use at what location, because it varies along 
the sroute, worn.exanple different -- for example the 
temperature does. We looked at the Greenhouse factor,| 
we saw -that.it .varie.d with »season.and it also 


varied with latitude, but very little, and what we 


did, we put -- we used average values as input to 





our computer program. 


We adopted our standard values 


that we thought were the best that we could come up 
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with by discussing with oursedves, with our consult- 
ants and with different people in the government, 

and also with regard to the published literature that | 
was available, and then we took that and made compari- 
sons with what we were observing in the ground, and 
what we understood to happen in the ground from our 
own practical experience, and we find that we get 

good correlations, so we haven't gone on a -- I think, 
I,don't know how many input parameters we had, some 


10 or 15 or maybe more -- 


Q I'm just talking about two 


right now. 

A Okay, well, ton "those, “other | 
than what I already told you about the thermal conduct- 
ivity, we haven't gone through and said now this | 
Greenhouse factor has to be at point 83 throughout 
the year, plus or minus 15 percent, and if it 's not 
that, our predictions are no good. 


Q Well, let me ask you this, 





Dr. Slusarchuk: What in your judgment would be the 
effect on the prediction and the ability to predict 
correctly if the Greenhouse factor was in error, by | 


let us say 10 percent? 





A Well, let me give you a 


| 
specific example, because I keep telling you it dependd 
on what I am analyzing, because we use the geothermal | 
analysis to analyze a great number of things. ! 
Now, for example, if we were | 


worrying about whether or not the active layer would 


go down beneath the bottom of the pipe during its 
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inactive period, and we have ran -- and we were pre- 
dicting in some oates that the thaw depth was four 
feet or five feet in the bottom of the pipe was eight 
ae nine feet down, and if we varied the Greenhouse 
factor by a little bit, it probably doesn't change 
that prediction very much. 

Q Well, in that example, is 
it possible to be more precise? What is the effect 
of an error in the Greenhouse factor of 10 percent? 
Not with relation to the pipe, I'm just interested in 
your predicted value . 

A Well, the only way I can 


be more specific is actually go to an example that 


we've measured temperatures and predicted temperatures, 


and show you what they are, such as in our report, 
for example, on the test facility at Sans.Sault, for 
example. 

Q Well, what I really want 
to get, is have you formed any judgment in any given 
case, if you want, as to whether an error of 10 
percent in the Greenhouse factor is likely to produce 
an insignificant error in prediction, a moderate 
error or a subtantial error? 

A The judgment that I have 
formed, sir, is the number that we use is adequate 
for all the purposes that we require it for, and I 
haven't gone to that next level to say what level 
of inaccuracy of input I put there gives me an -- a 
level of inaccuracy in -- 


Q M11 right, well that's 
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30 itself. 


1 satisfactory to me, at least. 
4 Now, you have referred to some 
2S changes or updates of the Battell Brookerreport. Are | 
4 those available? 
5 A You have the update, sir. | 
6 | The one that -- the one that you have, I referred to | 
7 | that as the updated version, but updated mainly from 
3 an editorial point of view, not from a technical 
9 point of view, that the technical essence in that ! 
10 report -- 
Li Q Well I perhaps didn't -- 
13 A Was subject to -- 
13 Q -- narrow my question 
14 sufficiently. You have told us that at, I take it 
15 at your request, the Brooker people supervised the | 
16 division of the Greenhouse factor into twa components? | 
+7 A It was the Battell people, | 
18 sir. 
19 Q I'm sorry, the Battell 
20 people. Have you got the report by which they com- 
2) mented or determined that division? 
22 . A They didn't supervise it, 
23 sir, they simply carried out an assign_nent that we 
24 gave to them. We determined in consultation with 
25 them and with -- amongst ourselves, what form we, 
26 | wanted to have the heat flux component for 
27 evapotranspiration, and when that was decided, what | 
28 they then did waslsimply went and put that extra 
29 -- programmed that extra parameter into the program 
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1 Q Well, have you got in 

2} writing form, the specifications for that program? 

3 f A For the program? 

4 Q For the program -- for the 

5 amendment to the program that was achieved when the | 
6 | Greenhouse factor was divided? 

7| A We've got the equations 

8 on which they are based in this here book here. | 
) It tells you exactly what equation it is, and they've : 
10 simply just programmed that into the -- | 
a2 they just added that into the program. | 
12 In Appendix B of our report on | 
13 Applications of Geothermal Analysis by Northern | 
14 Engineering Services, dated June, 1974, we have in | 
15 there, all the equations that we used for our heat | 
16 flux components at the ground surface. The short | 
17 wave radiation, the long wave radiation, the convect- 
18 ion and evapotranspiration, and that specific equation | 
19 to which I am referring to, is in there as Equation 
20 D-7. 
21 Q Well, the difficulty 
az that confronts me is that the Battell Brooker report, 
23 according to you, and I accept your word, contemplates | 
24 a Greenhouse factor that you are not using, and makes 
25 | certain comments about desirable levels of accuracy. 
nes You have told me that you are using -- that you have | 
ay divided the Greenhouse factor into two pats, and as | 
28 I understand it, you're unable to tell me the measure 





| 
29 of accuracy that you judge to be required to obtain 
30 a reasonably accurate result? 
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A I've told you I haven't : 

calculated one, but I have also said, sir, that with | 
the numbers that we have used, I am satisifed that 
they give us reasonable ansvwrs. 

Q Well, is there any place 
where we can find how you have divided -- into what 
two precise components you have divided the Greenhouse | 
factor, and the level of accuracy ae either in 
your opinion or in the opinion of the developers of 
the program is required to obtain a reasonably | 
accurate prediction? | 

A Well, you can find exactly 
the equations that we used for where the Greenhouse | 
factor is and where the evapotranspiration is in 
Appendix B. We have them listed as Equations D-4, 


and Equation D-7. ‘ 
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Q Will I beable to read tho 


and tell the margin of accuracy that the applicant 


considers adequate to obtain a reasonably accurate 


prediction? 
A No sir, you won't -- 
Q Howndoviufindithat bite 
A You won't, sir, because 


I told you that I haven't calculated that. What you 
will find in the other section is the numbers that we 
actually used. 

Q is thadiEiicult to 
calculate it? 

A There is -- if we went 
into a statistical study on it and looked through all 
Our data and we probably could. You can do all kinds 
of things with numbers and statistics, particularly 
when you're talking about weather and long lengths of 
line and different latitudes and different seasons; 
but the point is, sir, that there are a lot of com- 
ponents that go into the geothermal analysis. 

Q I know, I'm just asking 
about two at the moment. I think I understand there 
are many, and if you can't tell me the level of 
accuracy at the moment that you regard as required, 
thatS the end of the question. 

A OvK di vihat: ie what. tI 
Say wasins 

Q All right. What you're 


telling me is that it can be found by working out the 
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2 calculations in Appendix D. | 
’ A You can find the exact | 
3 equations where the green house factors are, and the | 
>| evapotranspiration which was part of that one input 
6 | in Appendix D, that is correct. 
a Q Thank you. Well now, can 
s you tell us with respect to thermal conductivity, the 
Z process by which the data is collected? 
mY A For thermal conductivity? 
ae Q For thermal conductivity. 
ne A We searched the literatur 
“I and extracted from the literature various values for | 
i thermal conductivity. 
ae Q Did you make any direct | 
= measurements? | 
ae A There may have been a very 
= insignificant number of measurements made prior to the 
Ee time that I joined N.E.S. and some of the component 
4 companies, say Arctic Gas or Northwest Projects, I'm 
fa not familiar with those. I personally was involved with 
22 | measuring thermal conductivity when I was with the Natianal 
Fe Research Council, and I've made a significant number myself. 
ES Q Well, do you evaluate 
ey it indirectly then, from the water content? Is that 
ee | the process? 
2! A We divide thermal -- 
is to get our thermal conductivity based on soil type, 
a in other words we type it as fine-grained soil, coarse- 
30 





grain soil, or peat or bedrock. And then we further 
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divide that into what is frozen or unfrozen, and once 
we determine that we need to know its density and its 
water content; and knowing all that, we then know --we 
then have our number for thermal conductivity. 

Q I take it with that 


information you then go to a series of tables. 


A Yes sir, we do. | 
| 

Q Or graphs? 

A Yes, and they are in this 


book in Appendix B, application of geothermal analysis, 





it's all listed right in there. 
Q Well now, would you tell 


us in the same fashion how you determine the data input 





for either one or for both of the green house factors, 


if I may call them that? : 


A How we obtain -- 
O Yes 

A == the data? 

Q Yes. 

A 


We got it from the 


literature, cir. 


Q I see. Is there any 
actual measurement of that on site at any location? 
A I think they tried to mak 


a measurement or two, one or two times at the test-site 


at Norman Wells, but the equipment wasn't working 





properly at the time -- this is just my recollection -- 
and again this is prior to my joining, but we have not 


been able to, or not had a great body of data to 
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use on the green house factor that we actually measured 
Ourselves. There may be one or two numbers around for 
an isolated location, but we do not have a lot of 


numbers measured. 


Q Well, just so that there | 
will be no doubt, the concern is that you may not be 
able to measure those two components to an acceptable 
level of accuracy, and that that will affect the 


prediction. Have you anything to say with respect to 





that? 

A I am satisfied that we 
can measure them to the -- input them to the accuracy | 
that we need, sir. 

Q How do you know that? 

A Because we've compared | 

\ 


our predictions with measurements that we've had around’ 


the operating test-sites. 


Q So what you're saying is 





that the reason you have confidence and the reason 
you know is that you've taken your predictions and 
Measured them against actual temperatures at various 
levels of the ground. 

A That's the most direct 
reason. The other way, sir, is that we know from 
experience what different depths you get of active 
layer at different times, because we've been up there 
and we've dug through the active layer, we've measured 
it, we've seen all kinds of temperature measurements | 


from other people recorded in the literature and are 
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familiar with it ourselves, and that the general trend 
Of all our results -- of fall ourilanalysiS asostorgive | 
very reasonable results. 

QO Well, let me iask you 
this: What in terms of comparing the prediction that 
you make to an actual measurement, what is to you 
people the acceptable level for predicting ground 
temperatures? 

A It depends on the 


particular case that you're interested in, sir. 


Q Well, you pick a case 


in the Mackenzie Valley, because that's where you're 
going to be predicting ground temperatures, and tell 
me what your acceptable level is. ! 
A If we were designing a | 
runway -- | 
6) No, I think we can come | 
a little more closely to the facts in this case, a 
pipeline. 
A O.K., a pipeline. What 
part of the pipeline do you want me to talk about, 
the right-of-way, or right next to the pipeline, or 
do you want to be very specific? 
Q The area where the 


pipeline will be placed and the ground immediately 





adjacent to it, 
A Well, once the pipeline 


is operating, and the temperatures - well, let's con- 





centrate on the 32 degree isotherm, for example, just 
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2 | above the pipe. 
3 Q Well, can I stop you 
4 to make sure I understand where we're going?You have 
> told us that you have this marvellous mechanism, and 
6 | I'm sure it is, that predicts ground temperatures and 
7] that that's an important device. Now you've told us 
8 | that one of the ways you test that out is by comparing 
your predictions to actual measurements. 
10 A Yes sir. 
at Q All right. Now what do 
ae you regard -- you can take an example, if you want, 
but what do you regard as an acceptable margin of 
aE error before you begin to doubt the process? 
+3 | A Well, for example, we 
6 compared -- we predicted temperatures around one of 
ay the operating test sections at Sans Sault and the 
13 pipe was operating, for example, at a temperature of 
19 five degrees, I believe, for one year, and if we 
20 looked at the temperature two or three inches from 
3} outside the pipe, and that was predicting the tempera- 
22 ture of say plus 20 degrees or plus 30 degrees or 
23 something like that, that would certainly lead us to 
24 doubt; but if it's only a few degrees away from the 
22 | temperature of the pipe, that would lead us to believe 
28 that things are working properly there. 
23 Q Well, do you want 2 
a degrees? 
a3 A 2 degrees? No sir. 
30 


Q Well, what do you want 
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before you begin to doubt the process? 

A The temperature -- a 
very stringent test of the prediction versus the 
comparison, yau say what do I predict at level six 
feet beneath the surface at day 105 after the year 
has started, and for example, we like to be in that 
case plus or minus five degrees Fahrenheit, would be 
extremely acceptable. 

Q AU CeO es Well now 


is that the level of tolerance in that situation? 


A That would be acceptable, 
yes. 

Q Now -- 

A Just let me finish. 

Q Tim SOrry. 

A Now that is if we are 
talking about in -- once we know we're in the frozen 


soil or once we're in the thawed soil. By and large 
it's not of much engineering consequence to us in most 


cases to know whether the temperature is 20 degrees or 


25 degrees or 26 degrees, that's not of much engineering 


consequence to us. In the warm ground it's not of 
much engineering consequence for us to know whether 
it's 36 degrees or 41 degrees, and that's the plus or 
minus five degrees. 

Q Now -- 


A “We also have to put a 


-- some sort of an accuracy with regard to the position 


of the frost front, or the thaw front, for example. 
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In there in most cases we can live with an accuracy of 
plus or minus a foot without giving us any engineering 
trouble whatsoever. 

Q Well, I understand that 
come of these predictions may not concern you in the 
sense that they may have no engineering consequences. 


I'minterested at the moment in the ability of the 





program to predict accurately, and you've given us one 
Measure of accuracy of day 105 at six feet. Can you giv 
us day 105 at let us say one foot? What measure of 
accuracy do you require before you begin to doubt 
the process there? 

A Near the ground surface, 


sir, we can't predict within plus or minus five degrees| 
like that. | 
Q Well, what is the accept- | 


able margin? 


A Well, I don't really | 





know what it is because you can really have it vary, 


it depends on how the snow comes off or on at any one 


location. If, for example, we are predicting the groun 
surface temperature in June of 100 degrees and we know 

that the air temperature is nowheres near that, 
that would give me some doubt. We have found that in 

some cases because we input incorrectly. We input at 
something in a factor of ten out, every time you look | 
at your results you apply your judgmentto see, are things 


working correctly or not, and then -- but if for exampl 


it's predicting the ground temperatures on an average 
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over the month of something, a few degrees away from 
what the air temperature is, at that location that 
leads you to the conclusion that your process near 
the ground surface is working correctly. AT any one 
time if panier gay two inches beneath the ground 
surface, -- 

Q No, L'm saying a foot. 


A A foot, O.K., even if 


a foct you might be out several degrees. 
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if Q is #iteornect then; ;that | 
9 you would not rely on this analysis for determination | 
3 of ground temperatures within a foot? 

4 A Ok i= 

5 Q Unless your experience | 
6 has been that it's too variable? 

es A Not the temperature, sir, : 
8 but the -- within the top foot, for example, if we 

- are on the Arctic coast and toward the end of the | 
10. year, the end of the summer, we are predicting, say 
11 half way through the summer, if we are predicting an | 
12 active layer in an ordinary soil of a foot, I would | 
ie melyyon that. 
14 Q I asked you, do you have 
ne in front of you Section 8 ofthe application "Location 
16 Design and Capacity of Facilities"? | 
17 A What page, sir? 
18 9) Date or page? | 
19 A What page? 
20 Q It's the graph on page 
i} BBL37? | 
22 A Which figure? | 
23 Q Ateathe top. 
24 A 8B137 Ae thdsection that 
DS there is a fimre attached to the other side. 
26. Q Figure one? As I read 
27 this, the dotted line is the predicted at this site 
28 and at this location -- and at this time, is that | 
29 correct? 


30 A Yes, sir, the dotted -- 
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l Q And the straight line is 

2 | the actual measurement? 

3| A Yes, ‘sir’. | 
4 Q Now, beginning with the 

5 teftt == : 
6 | THE COMMISSIONER: Excuse me, : 
7, ME. Scone Iyinvat sbi += | 
9 MR. SScOTT: | 
10 Q Now, this is the prediction. 
21 that was made at Norman Wells, and the dotted line is | 
ea the prediction, the straight line is the actual measurd- 
ree | ment? 

14 A Ves asin. 

15 Q Yes. Now beginning on the | 
VG left, can you tell us the error, approximately, at the | 
17 freezing point? 

18 A Which -- the top graph 

19 or the bottom graph? 

a0 Q I'm sorry, the top graph. 
Di) A By asking me to give the 
OP error, I'm assuming® that youlre -- that you are 

23 assuming that the measured temperatures are spot on 

24 in that we know that it's exactly a one foot beneath 

25 the ground surface, and we are measuring it without 

26.| any inaccuracy. Is that your assumption, and you're | 
a7 asking me to make it? : 
28 Q As you provided it to us, | 
2) I'm prepared to rely on the graph. I have nothing 

30 else to rely on. Is the graph not to be relied on? | 
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A The graph is to be relied 
on, but what you have to keep in mind is that you 
cannot physically locate a sensor -- you can predict 
at one foot, because you can ask the computer to 
spit it out at exactly one foot. When you go to 
measure it in the field, it's -- it is more difficult 
to place your thermister at exactly one foot and 


you also have a little bit of inaccuracy with regard 





The only point If trying to 
Take here, sir, before I get into doing what you 
told me to do, is that the ground temperatures within 
the top foot are as difficult to measure as well, 


to your read-out temperature measurement equipment. 
as well as to predict. | 


Q Do I understand you to say | 
that you may not have been able to measure the | 
actual temperature at precisely the location that | 
would make it comparable? 

A That's what I'm saying. 


There is a small margin of error in that, and there's 


a small margin of error on the read-out, and that 
just gives us a physical fact. 

Q A physical fact. All right 
but that margin of error is capble of working both 
ways, isn't it? It may reduce your recorded error, 
it may increase it? 


A Absolutely. 


Q All right. Well then, we 
will allow that to cancel each other out; you 


telling me that the error may be less than you think 
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al ithis, 1 telling you: any But on the other hand it's 
2 May be more, and let's just see what -- 

3 A I wasn't trying to imply 
4 that it was going to be less. 

J Q No. 

6 A iowas Just going toy try <= 
4 I was just showing that it could be variable. 

8 Or Ree ron. 

9 A Okay? 

“ Q Now, at freezing, what is 
Li the error? 

12 A In what, in days? 

13 Q At about day 42? 

14 A ieday, 42> —— 

Lo Q It won't be 42, make it 
16 day 50. A 

17 A At day -- could you give 
18 me a number that is on the straight line there, on 
19 the line? 

20 Q mim sorry. can t and 
ZT make my point effecitvely. 

D6. A Okay, well let me draw 
a3 ate 

24 Q YOU. dO: a == 

25 A I will do -- 

26 J O You seem to be rather 

ai 

28 better on the even days of the year than on the 

29. uneven? 





30 A One, S41 try for 50. 
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At day 50, this is now 50 days 
after September the 6th, which makes it -- around the 
first of December, something like that. 

THE COMMISSIONER: Right. 
December lst, 1971, Norman Wells. Am I at the right 
place and at the right time? 

A Yes, you are sir. 

The measured temperature is 
I would guess 21 or 22 degrees, say 21, would you 


agree with my estimation of that? 





MR. SCOTT: 
fe) Al Wertght, I just want you 
to read it for me. 
A Okay. | 
Q Tell me what you think it | 
bs: : | 
A Fair enough. It's some- | 


wheres around say 22 degrees, and the top point is 


somewheres around 31 degrees, and the difference in 
temperature there at that time is 9 degrees. 

Q And I take it that an | 
error of that dimension appears for let us say, of | 
that dimension more or less appears for about a | 
month? | 

A Yes, more or less. That's 
the worst there, that's the maximum and then a month 
later it's about 5 or 6 degrees. | 

Q I think I have got a worse | 


one than that. Let's take day 250. 


A Yes, sir. 
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Q So it's actually 260 as we 
worked it out, what's the error there? 

THE COMMISSIONER: Excuse me, 
that would be -- 


Me. -SCOTT:* On’ the right: hand 


side -- 


THE COMMISSIONER: -- 260 days 





after September the 6th, 1971, so you would be into 
the following spring, or even summer, I suppose, from 


May or June '72, 





A Right. The error there 
is -- I would estimate at 10 degrees. 
MR. SCOTT: 
Q I suggest to you those are | 


two significant temperature ranges that we've looked 
at, aren't they, because they dictate to a cetain 
extent whether it's melting or freezing? They're 


at the crucial point on the thermometer, 32 degrees? 


A Well, in the one case 
they are just below freezing and the other they are | 
just above freezing. 

Q Yes, but in terms of pre- 
dicting thaw or predicting freezing, that's obviously 
about as crucial a moment on the thermometer as you 


can get, isn't it? 





A Only -- yes, for predicting 
freeze and thaw, sure. 


Q And that is where you 


| 
appear to have the maximum error in your reading? 
As compared to actual measurements? | 
| 
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1 A Temperature wise, yes. 

2 Q And preiicting temperatures 

3 | is what this is all about? 

4 A We are more interested in 

5 | other, the difference in our predictions of the 32 

6 | Begrees isotherm rather than the cirrerence in the 

7 | temperature. 

g | What you should be after -- 
ai Q Well, this is ground 

10 | remperature, isn! t a2? | 
ll A This is ground temperature, | 
12 4 yeah. | 
13 Once the temperatures move away | 
14 | from 32 degrees quickly, they hang around 32 degrees 
15 for quite a while. | 

Se Q But isn't this what we | 

17) can = | 
18 A Can I tell you in time | 
19 and days, like for example, we started predicting 
20 thawing virtually at day 30 and we started measuring 
29 thawing virtually at day 30, and. that is of interest. 
oY) At least that shows something with regard to predictin 
ae when thawing and -- will start, and we also -- we 

24 predict thawing starting to occur a day 240, and we 

25 | measure it starting to occur at about day 250. Now 

26! i-don't think that’s much of a problem. It certainly | 
Duy doesn't bother me from any sense at all. : 
28 Q Well... thats, the point, 1 | 
29 want to get. You're entirely satisfied with this as | 
30 a prediction method? 
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ul A For engineering purposes, 
2 | absolutely. 
3 Q And how about for environ- 
4 mental purposes? 
ie) A Well, what -- I'm not sure 
6 | what you are referring to there, sir. 
7 Q We've heard, ad nauseum 
8 from all of us, that thawing and freezing will have 
9 | engineering impacts in terms of the construction of 
10 | your pipeline. I think it's reasonably apparent that 
Bh. they will have environmental impacts, the flow from 
ie - those temperatures and the contruction of the 
13 | pipeline, isn't that obvious? 
14 A Well, it's obvious in a 
LS | very general sense, but to be specific -- but by 
16 |! missing the thaw, the start of freezing and thaw by 
17 | one case one day and the other in ten days, what 
18 environmental problem are you referring to that you 
9 would like me to discuss? 
20 Q I don't answer questions. 
21 A Well I'm just asking you 
ae £O.=> 
23 4 Q Only Mr. Genest can ask 
24 | me questions. 
2D A Well, none comes to my 
26. mind. 
27 Q Our evidence will be 
28 called in due course, and Mr.Genest will be able to 
29 7+ 
30 _ THE COMMISSIONER: He wants to 
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make another point, though? 


A Yes; 

ME oO Ih s 

Q I'm sorry if I interrupted 
you. 

A I was asked about the 
environmental implications, and it was -- would 


suggest that my answer was probably just directed to 
the engineering ones, and with regard to the point 
that we've been talking about, no environmental 
implications come to my mind, or that I have been 
aware of from -- 

THE COMMISSIONER: Nor to Mr. 


Scott, apparently. 
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Cross-Exam by Scott 


MR oC OM: 
Q Now, can you te+l me 


either precisely or within a time frame when the 
Batell-Brooker or the E.P.R. programs were available 


for reliable application? 


A Well, I think they've bee 


available for reliable application before I joined 
the group, sir. 

Q Well, is there any way 
eharevourcan. get (fOLrmus that date; You. joined in ' 73, 
I take it. When were they available for reliable 
application? 

A We can undertake to 
get sthat,. sir . Presumably if you'd talk to the 
people that wrote them, they'd say they'd be reliable 
very quickly. LD juse VvVeuy Carivoon, Limiyust: not 
sure what you mean by "reliable" on that. 

Q Well, I understand the 


expression is after tey've been’ debugged’ and are 


awilable to begin precise prediction ., on your project. 


A We can undertake to get 
that for you, (sir: 

Q Is anybody prepared to 
estimate, because there are certain questions that 
follow this? Does anybody know when this process 
began to be utilized? 

WITNESS WILLIAMS: The E.P.R, 
program became available to us, I think, in 1971. Now 
what kind of shape it was in at that time I can't 


answer that. But that's about the time the deal was 
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1 | 
e put together with Esso Research. | 
3 Q How about Battell-Brooker, 
4 would that be about the same time? | 
5 | WITNESS MORGENSTERN: I 

6 | think I can comment. It drew very much on some research| 
7 Pee a srcht with the University of Alberta, the main 

8 


backbone of the program was conceived and working 














9 about that time. 

10 Q Yes. 

ii MR. GENEST: Is that good 

a2 enough, Mr. Scott? 

ss MR. SSCOTTsdWelljatco. Let syou 

14 off the hook, Mr. Genest, I think -- I'd like your 

13 assurance that those are the dates. | 
16 MR. GENEST: All right, weet | 
17 check that. | 
18 MR. SCOTT: And I think we'd 

19 also like to know from how many test sites did you 

20 have data for the ground temperatures prior to the 

21 introductton of the two programs? 

22 WITNESS WILLIAMS: We 

23 gathered that temperature data around the pipeline at 

24 Sans Sault in Marh 1971. 

25 | Q Yes. Well, what I'm 

26 interested in, and perhaps I can make it more clear, 

27 is when did you begin to collect the recorded temperatures. 
28 the actual temperatures that you then attempted to 

29 





predict? 


= WITNESS SLUSARCHUK: Well, in 
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Cross-Exam, by, Scott 


the reports of all the test-sites -- the Sans Sault, 


the Norman Wells, and the Prudhoe Bay -- it says 





exactly in those reports when they started collecting 
the data, sir, and we could do no more than just take 
those numbers out and give them to you. 

MR. GENEST: Mr. Commissioner, 
I wonder if I might make a suggestion to Mr. Scott? 
It may not be welcome, that there is a number of 
technical data that perhaps his staff advisors could 
confer with ours to find out some of these very detaile 
and technical matters which might -- it seems to me 
might save a lot of Inquiry time and perhaps satisfy 
some of the concerns that obviously Mr. Scott is 
transmitting in’ his cross-examination? 

MR. SCOTT: I think the point 


ofthis question can be made clear. If we go back to 





the diagram to which I referred earlier, that is 
figure 1 of 8-B-137, and this applies basically to 
all the graphs that are shown, figure 1 at the top 


attempts to predict a period of days following Septembe 


6th of 1971. What -- is that correct? 
A Yes sir. 
Q What I want to know is 


first of all, when that data was collected. and when 
the prediction was made? 

A I'd have no idea. We'd 
have to really search the records to get something 
like that. But if that's what you need, we'll make 


the attempt. 
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Cross-Exam by Scott 


Q Becausenl amynot 
Suggesting any bad faith at all, but you would be 
familiar, Dr. Slusarchuk, with a program into which 
you insert quantities of data, some of which has a 
variable factor and has to be manipuated as the 
program develops. If you already know the figures that 
are to be achieved, that is if you already know the 
actual figures, there may be a very human tendency 
when the predicted figures are produced, to alter the 
data put into the process, rather than to conclude 
that the process simply doesn't work. 

A We have taken these 
figures right out of reports that were prepared by, 
in this case in the Norman Wells test facility, 
prepared by Brooker & Battell, in their réport,and 
i -ecanvrefer you to that reportvegThere arela great 
number of other predictions in there. We just picked 
out one to put in there. 

THE COMMISSIONER: 

Q The point that is made 
is this. Were the actual measurements available 
before in fact it was sought to predict? In other 
words, was it the prediction made after the fact? 
That's what the question is about, isn't it? 

A I would guess, sir, that 
probably it was. 

MRS 4SCOTT.:.Welbl; «to «Eollow 
that up I would like to know if you can show us any 
prediction that was made prior to the measurement of 


the actual ground temperature changes? 
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7 Cross-Exam by Scott | 
2 | A Well, any temperature | 
3 that was predicted prior to the -- 
4 Q Can you show us a graph 
) of predictions in which it can be said that the actual | 
6 results were not known at the time the prediction was | 
7 || made? 
8 A Yes sir, I can show you 
9 -- not for around the test site but for around thermister 
10 strings in the ground, we can show you a bookful of 
11 those. 
12 Q Well, perhaps to save 
13 the time of the INquiry, you can produce whatever graph 
14 | you have that, upon your assertion, predictions were 
15 made in advance of the time -- I mean real predictions, 
16 that is predicting the future. ‘ 
17 A Yes sir. Well, what we 
18 have done, and I can refer you to the exact one right 
19 now because we have them listed here. 
20 Q I predicted the future 
21 when I said I'd only take two or three days, looking 
22 back on it I could now predict that I think I will 
23 be five or six before I'm concluded. 
24 MR. GENEST: I don't find that 
2p a helpful observation. 
ae THE COMMISSIONER: I wish we 
mal could go back and make his first prediction come true. 
eee (LAUGHTER) 
20 MR. SCOTT: That's an Seteeine 
30 I don't have, you see; the input data are fixed. 














13 cimvods brvots tot Jud stia teed oft Bapore-aor son <* _ 




















sxutsiagued yas, Dbew A 
-- et of toitg Se 
dapip 5 ed wore usy asd a 
isutos aft secs bise od ASD ai Hotel ak enotdtbeag 20 
ssw notsoibssq sit amie ots 36” ieee jon oxew atbuest 





poy woe neo:t ,tf£e e0% now’? 2a 7°: ean 


| to [vidoe 5 toy wore aso sw ,Ramomp ong nt epaizsa 

. aves of aqadiag ew go - , ARR ASF 

giceIp sevedsdw soubomg aso OY .yrsuput eld to omit oxi 

| sigw enotispihbstg ,nolsisees woy soqy ,#ad3 eved poy 

-attoitoiberq [sax nese I -~- omid oft 20 SOnevbs fal sham 
ouge? off gnidoiberg et sods 


ow tecw . LESW. tie 2esY A ai 


jipdx eno anexs sid 0% voy zatew feo .T Bae ,amob svad 
ied betel meds eved ow sunsned wont 

ewwaiut eit Besoiberq 1. Q 
pnivool ,eynb esxdt ro ows scat yino 62 Bisa d- hetw 
tLiw 1 ands 1 sede ea er | 
_bebulosod m'S sxoted’aie ao evit'sd 
63 bait? 2’aoS I :TURMsD. aM 


een a A A LN 





| ow deiw I ;REwOTAzIMMOD ERT ¥ 
outs amo> fOisorboxg Jeti? eid otism bas aoad op b. 109 






inu3zoage 16 e*sedr «TTR AM 





ALLWEST REPORTING L.-TD, 3419 
BURNABY 2, B.C. 


Clark ,Hollingshead,McRoberts 
Slusarchuk ,Morgenstern, Cooper 

















Hardy ,Williams 

1 Cross-Exam by Scott 

2 A I seem to put my finger 
3 on it, but it doesn't quite meet your two requirements 
4 in that we had the data within N.E.S. and we asked -- 
3 the ease was there, it was data from 1971 and 1972, 

6 and we had that data in house, and we wanted to see 

7 how well we could predict, and we asked Battells to 

8 take on the assignment of just knowing the bore hole 

9 stratigraphy and from pictures to predict temperatures, 
10 and off they went and they predicted some -- tempera- 
11 tures from some 30 bore holes. Now all you've got is 
12 my word and possibly some correspondence where they 
13 would acknowledge that, and I could dig that out for 
14 | you, OO. 

15 Q I'd be grateful]. 
16 A That that was the case, 
17 and then we gave them some more, some more holes on 
18 the same basis, and we can give you that information. 
- | WITNESS MORGENSTERN: I might 
20 comment on that, Mr. Scott, in my task as reviewer, 
21 of some of the activities of N.E.S. involved in that 
22 and the object of that exercise was indeed to satisfy 
23 skeptics like myself that the predictions could be made 
24 to a reasonable degree of accuracy, so that Battell 
25] were doing it asthough the data had not been collected. 
26 They were not privy to the actual measurements. 
27 Q Were you satisfied, 
28 Dr. Morgenstern? 

24 A Reasonably. 











































| @ipe 


| s9pnth wm sud ot moar “< A 
etnometivpet ows toy toon seinp: vice setierde 
| = Redes aw Bas 12-00" aitviw séeb sf? bs ow todd at 
‘Syer bas Ie! most stp asw #2 .otedd usw sdb ‘ofl 
ase of bednew ow bie .sesod af sank soa bed ow bas 
o+ elisttsd betes ow Base ,30%betq Bluoo SW itow wor | 
stod szod odd poiwond teof to tasmapiees ody nO eAst 
) enuvtsreqnes s$okbetg of 2owmeniy mee) Gane wigerpitexts 
~p1s0mes -~ amore hatoibexc yor?, bos tnew yors tito bas 
si top avisoy Lis wok .selor gazed Gf ames mort asus 
yedd erodw sonobrogsexizod omoe yldteseg bas brow ym 


toi duo Jada phb bilyos I brs: tant opbefwondos bisow — 


\ 2007 ,uOY 

{ 
be .{etsseto sd b’I ~~ 6D ; oe ae 1 Sn 
,92n2, ont giw 26d¢% ieiiT A: trad 


ao eefod stom smoa \Si0m smoe madd svep Sw asd bas 
_nottemtotst 3sd¢# voy svip abo 5w bas ,efesd -embe Ss 
fipim 1: atewapsiom eaear Iw); * ete bi 


teweives es Aent ve ni ~dt008 2am er go snommod 


yteitae of bosbat asw seinwexe dedt 20 Joetdo! otid. Bhd 
jebom od bleos Rie t9ERSAG sit dail Siseym exit eoitgexa ' a | 
lissisa get? on .yos.ucone “te setpeb io9fidsnoessx & ot . 


p-besoel Lop ibd’ don bsd. sts5 ode fours w sk-entobioxew | 
_<eseipnroriaven sim Totos- wets: ad wiag ‘For orew Ar’ 
Siete Hes &i ied a 7 


{ 

! 

| 

| 

| | 

geist bevdovat .2.a.0 to eads kyises Gis Fe emoe 20 
| 





Pr a 
¢ - 
if 


,BPoiteits> voy sisw 7 


ee 


ALLWEST REPORTING L.TD. 3420 | 
BURNABY 2, B.C. 





Clark ,Hollingshead,McRoberts 


Slusarchuk ,Morgenstexrn, Cooper 
Hardy ,Williams 


Cross-Exam by Scott 


Q You exhibit some 
hesitation there. Is there any or am I mistaken? 
A Sorry, hesitation about 


the reasonableness? 





Q About the extent of your | 
satisfaction. | 

A Oh, I am sure that we | 
can predict the position of the freezing or thawing 
front to the engineering needs. We dont predict 
temperature fields particularly in thawed soils to a 
high degree of accuracy. That's not engineering, and 
I think not of environmental consequence. 

Q Well, just so I'm clear, 
do you agree with the observations that Dr. Slusarchuk 


e 


has made? 


A Yes. 





Q Do you have any hesitatio 
in adopting his observations respecting the input 
data? And the ambiance of error? 

A Well, if I -- 

Q Well, it's the best I 
can do, Mr. Genest, as I've had two long days. 

Ambit of error, I think I mean. 

A I'm less hesitant than 
he about some of these things. On average, the energy 
balance of the earth's surface has about 20% involved 
in long-wave radiation, and a 10% variation in green 
house factor would make about a two or 3% variation in 


long-wave radiation input, and that would then have a 
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Cross-Exam by Sakt 


effect 
small percentageYon the key thing we're interested 


in, which is the position of the freezing front. So 
that issue doesn't bother me. 

The central issue about error 
is that the accuracy of our prediction is more accept- 
able the further north you go, and less acceptable 
further south, that the reality of the situation is 
that we're less in the discontuous zone than we are 


in the continuous zone. 
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Hardy, Williams 
Cr, Exam. by Scott 


l QO Are you able to hazard -- 

B. THE COMMISSIONER: Excuse me, 

3 Mr. Scott, I'm sorry. Would you mind repeating what | 
4 you just said in the last couple of minutes, Dr. | 
5 Morgenstern? | 
6 A Yes. If I make a hundred | 
7 percent error in predicting the depth of the active 


layer in the continuous zone further north, since the | 





active layer is relatively thin, then I'm only pre- 
dicting that perhaps a variation of a foot, but that 
100 percent error further south is now many feet or 
several feet, so that the -- 

Q When you say predicting 
the depth, you're speaking of the recession of the 


frost -£ront? 
| 





A Well let me suggest the 
following scenario . We come and do some disturbance 
along the right- of-way and that changes the energy 


balance, and leads to a thickening of the active 


| 
layer. A hundred percent error in that prediction 
would only be a foot or so, 18 inches in the continuou 
zone -- 

Q The depth of the active 
layer? 

A Veeprtthe thickening of tit. 
But it would be several feet, perhaps three, four, 
five feet in the discontinuous mone. | 
Q Yes. 


A So that the percentages 


might be the same, but the physical implication is 
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l more worrisome further south you go. 

vy WITNESS SLUSARCHUK: | 

3 A Perhaps Mr. Scott, I could | 

4 just tell you which references I am referring to. In | 

5 our testimony they are references number 148 and 143 | 

= 
MR. SCOTT: | 
Q When you say in your testi- | 


mony, do you mean in the book? 

A Yes sir, in our -- Appendix 
B of our canned testimony, it's numbers 148 and need 
143. 


THE COMMISSIONER: Well, I 





think we will take a break for coffee, if that's 


all right, Mr. Scott? 
(PROCEEDINGS ADJOURNED) ! 


(PROCEEDINGS RESUMED PURSUANT TO ADJOURNMENT) 





MR. SCOTT: I've shortened down 
some questions I have, and it may be that we can 
complete this afternoon in about 10 minutes, if you 
please. In order to get the panel and others back 


to their places of origin tomorrow, Mr. Genest has 





suggested, and I think it's satisfactory unless some 
other counsel objects, we should stop at 12, but in 
order to do that and not to lose any time, we're 
prepared to begin at eight. 


Does anybody object to that 
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a 
The press has indicated /modest objection which we 





can ignore. 
THE COMMISSIONER: Well -- 


MR. SCOTT: Will that be satis- 


factory, sir? 





THE COMMISSIONER: Well, eight 


OnCLock. | 
MR. S€OTTS | 
Q Now Dr. Slusarchuk, in 

terms of -- you outlined for me the problems connected 


with assessing the margin of error for individual input 
data into the program. Have you considered -- have 


you given any consideration to the acceptable margin | 


{ 


of combined error, in terms of input data? | 


WITNESS SLUSARCHUK: 


A Well, our -- we don't have 


a number like that, sir. We don't have the individual | 


1 


errors for the individual psrameters and we haven't 





tried to combine errors to get some kind of statistica 
average of error. Our only guiding -- our only guidin 
concerns on this is that with numbers that we are 
using, are we predicting what we are dserving in the 
field and when we change these numbers, say from an 
ice rich silt to a non-ice rich silt, does it predict 
what we understand that has happened from things 
that have been reported in the literature and what 
we have measured ourselves. 

Q Do I understand that to 


mean that your concern is not focused on the margin 





of error of input data, but has rather focused on 
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Ls) 





CL eAbxaits 1 DY psCcott 





whether the predictions prove out? 

A We've -- that is mainly | 
correct, although we have put quite an effort into : 
compiling what we felt was a very good set of input ! 
parameters but we did not go to the next step and 

| put errors attached to each input parameters. 
! Q Well now, at page A2-4 -- 

A Which -- | 

Q It's the report that deals 


-- the blue covered report. Do you have that? 

A Noosir7tiwdon lt. 

Q Well, let me lend you mine. 
You'll see a passage\nderlined at the bottom of A2-4, 
which reads as follows and I quote: 

"The Greenhouse factor has | 


been measured and appears relatively ,cons- 





tant... 


A Yes, sir. 





Q could you tell me what 
you understand by that observation? 

A It means that the value of 
it doesn't fluctuate very much from year -- from 

season to season, and from aera to latitude as 
we go along our several hundred miles of pipeline. 
That's what it means to me, sir. 

Q Thank you. Now, I take it 
that the -- it's perhaps obvious at this stage that 
the geothermal calculations that are obtained by 
this process are going to e@ used in the design of 


the pipe, that is to say, in determining its location 
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from place to place? 


Ls) 


3 A Lt will form one, of the 
4 inputs to that design, sir. 
5 Q Yes. Are you -- have you 
6 any familiarity with what I understand to be called 


7 | the worst likely circumstance concept in determining 


8 input data? 


10 I can imagine perhaps what it means. I'm not familiar 
he with that sir, nor with any sort of writings on some- 


| 
9 A Not in that sense, no, 
12 thing like that. 
| 
| 
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Q Do you know whether that 
concept has been given any consideration in determining 
the input into this program? 

A That concept hasn't been 
used in putting together the input parameters that we 


have put together in the applicatiors of geothermal | 





analysis, Six. 
Q Well, one question that | 
a member of one of our attendants has asked me to put, 
that is one of the residents, and I think it may have 
been dealt with earlier, though I have been unable to 
find any reference in the transcript. Assume that 
the pipeline crosses an ice wedge at approximately right 
angles. The concern expressed is this, that from | 


time to time a sudden cracking of the ice will be 





heard in cold weather at that location. What is that 





sound which is attributed to the ice wedge, at least 
by the questioner, and what is its effect, if any, 
on the pipeline? 

A I think that somebody 
other than myself can answer that. 

WITNESS McROBERTS: Well, 
there are two questions, I guess. The first one is, 
"What's the cause of the sound?" M y understanding is 
that the sound is caused by the ice cracking, as the 
ground contracts. 

The second question relates 
to whether or not there is any influence on the buried 


pipe, and there is, to my way of thinking, no influence 
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However, I think I should probably explain to you why. 
Before I do that, though, I think in order that my 
explanation would be understood, I'd have to explain 
very briefly how ice wedges form. Pethank: that might 
partly explain the noise as well. 

Dr. McKay; as I under- 
stand it, has described the process of formation of 
ice wedge features. They are caused by shrinking of 
thepermafrost as it cools during the winter. In order 
to get the crack forming in the ground, you need a 
considerable amount of change of temperature, and 
a cooling to a very low temperature. That's why in 
fact you only find active ice wedge polygons in what 
we would call the continuous permafrost zone because 
it is relatively much colder than any of the more 
southerly or discontinuous permafrost zones. 

We do find old active -- we 
find old ice wedge polygons in the discontinuous 
zone, mind you, but they are no longer active. 

Now the cooling that occurs 
is restricted to the upper part of the permafrost, and 
the amount of cracking is related to the change in 
temperature. For that reason, ice wedges crack more 
at the surface where there is more temperature change 
and to a lower temperature than they do with depth. 
For that reason and exactly for that reason is why 
you end up with a wedge. 

Now in our pipeline we will 


-- we are proposing to operate any given section of 
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pipe, say a specific got in the pipe with time 





will be operated at a constant temperature, and that 
constant temperature in the pipe maintains the soil e 
around the pipe, there's dAbulb, Le eVOU Wi diss Tot. 
frost but of constant temperature. If you can visual-| 
ize a 4-foot diameter pipe below the pipe extending 


for a depth of I would say five to six feet, there 





will be no real change in the temperature of the 
permafrost whatsoever, and it would be maintained at 
the temperature the pipe is operated at. To either 
Side of the pipe, the temperature is out to a 
disgance, I would say, of two to four feet It would | 
not fluctuate say more than about a degree. | 
For that reason then the 
pipe itself is maintained, the soil around the pipe : 
is maintained in a constant temperature condition and | 
therefore it can't crack. So that while you may be 
going through ice wedge polygon terrain that may be 
active, the influence of the chilled -- excuse me, 
the consequence of the chilled gas pipeline maintain- 
ing a constant temperature bulb around the pipe means 
that cracking doesn't occur to the pipe. The ground 
-- the permafrost terrain away from the pipe will 
continue cracking as it normally did, and the soil 
immediately around the pipe will not crack any more 


because there is no temperature change. 


Q Assuming this ice 





wedge, do I understand you to say that 


that situation will not produce any damage to the pipe? 







































ami? diviw sqig ots ak nel eoaae oe 
sett bes ,ouittsxeqnet Jasdenss s te Betemego ed iliw 
Line ort enisdniem sqiq od¢ af otpesveqmes Gastenoo 
te gon .iftw voy Ts vetted 2'oxeds ,sqiq oft Bnuoxte 
sfeuaiv asd doy tT | -saudexeqmed Jnetenog- 2e Sud Jeon 
pribretxe eqia odd wolad sqact Yetous Ih tooI-b 5 esi 
eters , 76593 xie oF Ovid yas bisow I 20 s3qs8 6 i0t 

) efig IO siptetsegnss 07 «at evasive iset lnmced Lfiw 
| 48 baristoism ad BSigow 31 Bas xevecedadw seoxtsmreg 
| tafisis of .js betsieqo ai sqiq eit suuteiegmes, oft 
| | 5 of tuo et sxvads egies edt yegke eit to ebre 
atwow JI $68% tw02 of owl Jo ,yee Bitew I yeonsatS 
.oetpeb 6 duods neds exon yse edeudoul? dod 


a 





sits asit mOa@set teat tot Qin a. 
egiq sds bovers fiom off .benkstatem ah Gieatt og 
bis aoiijlbaon srussixsgmes JORIS enOD 6 dhindane 
od yar doy efinw seds oe tosis 3' neo SL stoteteds 
ad yom t6udt-nLertot nopylog spbew od desoxdy palog 

,om outroxe ~~ Bollisdo eft to sousuital edt ,evitos 
-aistetem onilegiq esp befiide edt Yo seneupssneo ody 
aise egig eft bavoxs. difgd oxttaxeghed tnsdenog 8 pak | 
bwotp eff .ayigq edd ot aaiovo a neRob: pridosse ted Ane jes 
iLiw sqig @44 moth yews keke: eae i 
Lice adz frie ,bib yllenmon dk an adi ee 
giom yns Apseio Jon [Liw sqiq end ba 

i -opnsio stasszequed wince 

oot aids poimeek 9 2 ray 
tend yee 0% woy bassenesny 1 ob. 
sft OF ‘epamab-yns eouborg. on 


-_— ve P 





——E nn 


— 





ALLWEST REPORTING LTD. 3430 
BURNABY 2, B.C. 




















Clark ,Hollingshead,McRoberts 
Slusarchuk ,Morgenstern,Cooper 
Hardy ,Williams 

Cross-Exam by Scott 


A Once the pipe is in 
operation there will be no temperature change around 
the pipe and therefore no crack. 

Q Yes, and I take it that 
if that phenomena repeats annually, there will still 
be no damage. 

A No, because there will 
be no increase -- the ice wedges grow on an incremen- 
tal basis up to,studies by Ross McKay and others, 


Maybe up to an increase in thickness of an eighth of 


an inch a year. Now that -- not every year, necessarily 


-- that will occur in the permafrost terrain on either 


Side of the pipeline, but for the permafrost around 


the pipeline, it is maintained in a constant temperatur 


Situation and nothing will happen to the pipe because 


there is no cracking. 


Q So you say that if the 


-- if after chilling, it happens once or if it happens - 


you say that after chilling it will not happen, the 
evackingawii) not soccur. 

A That. s correct. yes. 
Now there have been some studies done in Alaska on 
exactly this problem where a buried pipe/put in the 
ground, about 1,000 feet of 40-42-inch line was put 
in the ground, the pipe was not in operation, just what 
we would call an inactive test facility. The pipe 
was put in the ground and there was in fact cracking 
that occurred and there was no significant stresses or 


strains thrown on the pipe. 
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Q Well, I was going to ask 
you what happens in the period of time before the 
pipe is chilled, if this phenomena occurs? 

A Well, as I suggested, we 
do have a fairly well documented case record in the 
literatures that shows it's of no concern. One also 
has to keep in mind that the loading on the pipe, 
when the pipe is buried in the ground, generally 
speaking the pipe will be in compression when it's in 


the ground. 


Now, you have to -- it's diffi- 
cult -- I have to just explain this. When the pipe 
is strung together above the -- welded together, this 


will be done by and large in cold temperatures, 


especially during winter construction in the continuou 


permafrost zone, the pipe will be very cold. It 
might be the temperature of minus 40, minus 30, and 
I'm thinking in degrees Fahrenheit, when the pipe 
goes into operation, it would be at a temperature as 
low as 10 degrees Fahrenheit or warmer, depending on 
the location downstream from the compressor station. 

Therefore, the pipe itself 
would tend to expand in the ground because of this. 
It can't because it's fixed, it's a restrained 
pipeline, but the strains in the pipe would be ina 
compressive sense, 

DUBiNg,; epriov~ntoystart up of 
the pipe, if an ice wedge cracked, the tendency would 
be to instead of putting the pipe in compression, it 


would start to put it in tension, but there is a -- 


| 
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apart from the fact that the pipe could take it any- 
ways, it's prestressed in the other direction as a | 
matter of circumstance in relationship to the pheno- | 
mena we are talking about and the temperatures between. 
installation and operating conditions. 
It's that fact and the studies | 
that | 
/were undertaken in Alaska that were, to my way of | 
thinking, a document to substantiate the fact there 
would be no design problems associated with ice 
wedge polygon formation. 
Q I take it that you're 
aware of the report of Keith J. Anderson and 
Associates entitled "Burial of a Cold Pipe in Wet 
Permafrost"? 
A No. 
Q Well, in that report, and 
I'll have to tender it as an exhibit, though it comes 
from my friend's library, the report analyzes the 


42 inch pipe which crosses an ice wedge at 45 degrees. 


contracts with cold temperatures, and the authors 
Say, 
"Since the shear forces 

are in the same order of magnitude as 

the shear strength of the pipe while the 

displacement is only point 18 inches, 

we concluded that the pipe might not 

break but would certainly deform. These 

forces reported annually would eventually 


produce progressive failure. Again, no 





| 
It is assumed that the ice wedge cracks as the ground 
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quantitative data was available, but the 
results of these calculations indicated 
the conservative limits of a potentially 
severe problem", 
A Well I wouldn't agree with 
thatwconment tat tallaAirirst of “all,*the -amount of | 
load that could be thrown on the pipe is governed by | 


the backfill around the pipe. Now, in the worst 





conditions that one could conceive of is that the 


pipe would be completely surrounded by ice. By and 


large, what we would be doing is digging a ditch 
and putting the native backfill back into the ditch. 
And for the time involved prior to start-up, the 

pipe would be held, it would be surrounded by loosely 
compacted backfill that may have thawed and refrozen | 
here and there. ‘ | 

And the upper limits, the amount | 
of load that could be trarfferred between the contract- 
ing soil and the pipe, would in my estimation be no 
more than about 60 or 70 pounds per square inch, and 
that certainly is nowhere near the limiting capacity 
of the pipe. 

I wouldn't agree with that 
report at all. I've never read it, the passage that 
you've read to me. 

Q In the Alaska case do you 
know whether the pipe remained intact? 

A Yes, there's a paper 
published by a Professor George Knight of the Insti- 


tute of Arctic Environmental Engineering at the 
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University of Alaska. It was published in 1971, 
the proceedings of the Symposium on Cold Region 
Engineering, put out by the University of Alaska, 

and he -- his -- he was measuring the deformation 
associated with ice wedge cracking in the pipe, and 
he commented on certain levels of strain. 

My understanding is, and my | 
input, and this is purely from a geotechnical point 
of view in talking to our mechanical stress analysis 
people, that the amount of strain that could possibly 
be thrown on our pipeline prior to it going in 
Operation are quite acceptable, and after the pipeline 
goes into operation, there is no problem. 

Q In the Alaska case, do you 
know whether there was deformation or not in that 
reported case? ; 

A Yes, the deformations 


that were measured and commented on by Professor 





Knight, he -- in one of his conclusions states that 
the maximum transducer strain recorded as applicable 
to an ice wedge crack, was 270 microinches per inch. 

Q Well now, what does that 
mean? Were there deformations in the pipe, or were 
there not? 

A There was some slight 
deformations in the pipe but they were will belathe 
Capacity of the pipe, and I further understand from 
discussions that -- one of my colleagues at Northern 
Engineering Services has had with people in Alaska 


that the state of affairs as reported in 1971 
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to now hasn't changed. There's no adverse loads 
thrown on the pipe. | 
Q Is that your view also, | 
Dr. Morgenstern? | 
WITNESS MORGENSTERN: | 
| A Yes, sir. 
| Q You adopt what Dr. Mc- 
Roberts has said? 
A Yes. | 


MR. SCOTT: Mr. Commissioner, 
would this be a convenient time? 

THE COMMISSIONER: Yes. May 
I ask if it is likely that the examination of this 
panel will be completed tomorrow if we sit for 
four hours tomorrow? 

MR. SCOTT: It's unlikely. 

THE COMMISSIONER: Well, there's 
not much we can do about it, I suppose. 

Well, we will adjourn then 


until 8 o'clock tom arow morning. 


(PROCEEDINGS ADJOURNED TO 8:00 A.M., FRIDAY, 


APRi metry 1975) 
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Clark,Hollingshead,McRoberts 
Slusarchuk ,Morgenstern,Cooper 
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Cross-Exam by Scott 
Yellowknife, N.W.T. 


BOE ely 9 7 os 
(PROCEEDINGS RESUMED PURSUANT TO ADJOURNMENT) 
MR SCOTT: Good morning. Mr. | 
Bell isn't here yet but I presume we can proceed in | 


his absence. 


JOHN IVOR CLARK 

GARRY WOOD HOLLINGSHEAD 
EDWARD CHARLES McROBERTS 
WILLIAM ALEXANDER SLUSARCHUK 
NORMAN REUBEN MORGENSTERN 
RICHARD H. COOPER 

R.M. HARDY 

GUY LESLIE WILLIAMS, resumed: 


CROSS-EXAMINATION BY MR. SCOTT (CONTINUED) : 


Q Drz* Cooper, Ll da Like | 


to ask some questions dealing with the general question 


of northern rivers, and we mean by this principally | 


! 


rivers on the North Slope. ttake 10 1¢%s) your 





position as stated on page 2633 of the transcript of | 
Maren 20th that there its: vartualily ‘zero Elow, that's | 
your phrase in quotations, "virtually zero flow in 
the rivers of the Yukon North Slope during the winter.’ 

WITNESS COOPER: We have done 
some work in attempting to measure flow or find flow, 
ahd there is very little flow beneath the ice. So 
shall I say it's very, very low. 

Q Welive it “s+ watrivally 
ZEVO 1S toate 

A Ress 

Q Dr: Clark, ‘on, page" 2633 


Of the transcript “-"1'm sorry,’ Dr.” Clark, ‘on page 


2623 of the transcript, Volume 22, you were asked 
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aI this question by Mr. Anthony and gave this answer. : 

3 Let me read it to you: 

4 ef) And we have discussed in the evidence 

>| before this Inquiry about flow characteristi¢s 

6 | of such rivers as the Malcolm River, for | 

71 example, on the North Slope of the Yukon. 

7 Now I believe that as a result of those 

9 | discussions I'm accurate in saying that in | 
10 those rivers, for example, or in that | 
12 river, for example, dealing with it as an 

12 | example, that in winter often it is freezing 
ey right throughout at certain portions through 
i} the whole depth of the river. | 
15 | A I would think that in certain braided | 
16 portions that would be the case, yes." | 
oe Now that was your question and answer. Would you | 
18 agree with me that the phrase "in certain braided 
vis) portions" that you used includes probably something 
20 between 90 to 100% in the rivers in the vicinity of | 
21 your crossings? | 
22 WITNESS CLARK: I'm not 
23 clear what you're asking me to agree with. 
24) Q In your answer you said | 
rey that in the winter freeze on the North Slope in river | 
26.1 beds extended throughout the whole depth of the river 
27 in certain braided portions. I accept that answer, 
28 | I have nothing to quarrel with in it. What I would 


| 
| 
| 
29 like to know is, would it be fair to say that 90% 
30} to 100% almost of the rivers where you cross are at 
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the braided portion? 
A Ves. 
Q And that they are there- 


fore frozen, as your answer indicated. 





A Yes. My answer, what 


I meant by "braided portions" there was that there 


could be some braids, if you like, that could be 





carrying water. 

Q But that would be 
relatively unusual in terms of numbers of braids during 
the winter. 

A I believe it would be 


unusual, yes. 





Q And that same observation|, 
I take it, would apply to almost all rivers and small 
streams on the Yukon North Slope. 


A Yes. 


| 
| 
| 
| 
Q Well, Dr-sClark or 
Dr. Cooper, would you agree that there is likely to 
be permafrost at some depth under most rivers of the 
Yukon NOrth Slope? 
A Yes. 
THE COMMISSIONER: Permafrost 
at some depth, or to some depth? 
A It would :be at some 


depth, sir. I think I gave an example earlier that 


permafrost 40 to 60 feet below the bed. 
MR. SCOTT: 


for a 200-foot wide stream, I would expect to hit 
Q I thought that was the 
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| position and I'm somewhat mystified by the statement 


it may simply be a misprint. 




















in the canned evidence at page 4, the second paragraph,/| 
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l Q Do you see it? The 

2) second sentence it says, 

3 "Because of the freezing 

4 temperatures of the water, however, perma- 

5 frost does not exist beneath the beds of 

6 | the larger rivers, even along the Arctic 

7 coast.” 

g | A Ena (SecOuree:. 

9 Q Yes, well what river -- is 
10 that not inconsistent with the other answer? 

Ti A Not entirely, the permafros 

does 

1D would -- for instance / not exist at certain 
13 channels of the Mackenzie River. 
14| et Q Well that isn't what I 
VS understood to mean the Arctic coast, obviously it 
16 | flows into the Arctic coast. Are there other rivers 
17 . apart from the Mackenzie in which in your judgment 

18 there is no permafrost on the north slope? 

19 A We haven't drilled any of 
20 the river beds along the Arctic coast. I'm sure 
year you are thinking of the Yukon and Alaska. 
ae Q Well let me ask you this: 
323 Apart from the Mackenzie with which we've dealt, 
24 | I think in another context, would it be a prudent 

25 assumption that thereis permafrost at some depth 

a below the beds of all other rivers that flow into the 
De Arctic in the area with which we're concerned? 

28 A At some depth, yes. 

29 Q Well I've got a slide show. 
30 It's a very amateur drawing, not as amateur as the 
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focus makes it appear, and I would just like to understand 

if I can, the mechanics if that is the phrase that | 
applies to the operation of North Slope rivers of the 
type I have been discussing. Now you see on the diagram, 
Dr. Cooper, Dr. Hollingshead, ignore © 7 & B for the 


moment, that a small river bed is shown both in June 




















5\ and in March. 

9 Now, the diagram for June 
10 snews wacer wry the*channel*permatrost line and with 

eal the pipe passing through, I take it*that-is*arfair 
19 representation of a typical situation at that time of 
13 | vear 
14 WITNESS COOPER: 
NS A Yes; Dethinkesosr -That just | 
6 Siews@arsingle=charnel rather than the braided nature, | 
7 for conceptual purposes, yes. | 
18 | Q Now, the second diagram Balke 
19|| the river, let us say in March, and you have told us 
20 thaeethe saver Hasvel ther? dricd up» oreirezen, and’ that 


om| would be typical for a channel of that type would it not? 


59 A Yes), I-think’se.4 Cand 
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ask a question? 

Q Yes. 

A You mean so you've got 
a limit of frost, you have essentially a frozen 
window or a thawed window in there now. 

QO PD intsorry ,; Des"Cooper, I 
didn't get your answer. 

A Well, I think -- could you 
explain on the March one, which portions are thawed 
and which portions are frozen? 

Q Well first of all, on the 
March one, I'm looking at the river bed, and I under- 
stand that it would be either dried and full of snow 
and ice, or frozen -- almost to the bottom? 

A Yes, and to a depth of 


possibly a few feet. ‘ 


Q Below the river bed? 
A Rights 
Q Yes. And that the red 


dotted lines below the pipe and immediately above the 
pipe, show a frozen area that would typically exist? 

A Well, they show a boundary 
between a frozen and a thawed area. 

Q Yes, “Nwell, “Te takesit 
what you're saying to me is that the permafrost line 
remains as it did in the previous diagram? 

A Thats correct, ‘and just 
above your finger would be thawed. 

Q Vess-= 


A Above and to the left of 
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z your finger. 
2 Q And there is a frozen area | 
3 around the pipe? 
4 A Yes. | 
Q Yes. Well now, this is 
6 designed to show the same river in I think it's 
9) called longitudinal section , would that be correct? 
g A Yes, sir. 
9 Q Yes. And does that dis- 
10 close the same thing? The dotted line or the hatched 
EY line at the top in the June diagram represents the 
12 river bed, and above it is whatever water is in the 
13 river at June? 
14 A That's correct. 
1S Q Yes. Below that is the : 
Ie ground that is the river bed and the soils below | 
wv Bie er 
18 A That's correct. 
19 Q -- in which the pipe is 
20 placed? And around the pipe with the red dotted 
Di line, but above the permafrost line is the frost 
ow) bulb? 
oe ; A That's correct. 
24 Q And on the left there is 
25 a designation ground water, and I take hone typical 
26 | that ground water will percolate through the soils | 
27 below the river bed? 
28 A That's correct. 
Pie) Q Yes. And that would be a 





typical situation in this kind of river looked at in 
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that section in June? 

A That's correct, yes. 

Q Now, can we come to March. 
I take it as we have there a longitudinal section and I 
take it that above the river bed and probably conti- 
guous with it will be snow and/or ice in some mass? 

A Thats, COMKECE. 

Q Yes. Again, we have the 
top limit of frost which is frost that is coming down 
from the snow or ice in the river bed, which is the 
top red dotted line, would that be correct? 


A Correct. 
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Q Then in unfrozen soils 
we have the pipe with its frost bulb. | 
A Correct. | 
Q And below that the 
permafrost line. 
A Yes eCould 1 just 
add something at this point? 





Q Mest 

A The distance below the 
bottom of the frost bulb and the permafrost line 
appears on your sketch to be very minimal. Now we 
don't know in all instances where the permafrost table 
Will be, and of course that will be relatively constant. 
However, I'd also like togpoint out.whaty we, are | 
recognizing that in some instances we will have shallow 
bedrock and a relatively shallow aquafer, which would 


essentially give the same effect that you're talking 





about, and we're recognizing that problem of possibly 
confining that aquafer. 

MRS GENES tae Mr eS COtt oat 
says limit”. at the bottom right-hand. comer.» There 


seems to be a squiggle or dot. Is that seasonal? 





MR SCOTD+:0b, should. be 
Flimit. of seasonal afrost’. I think that's an "S" 
with some little symbol indicating the balance of the 
letters. 


Q Now, I'd like to refer 





you to the applicant's reply to question 38 posed by 


the Assessment Group. It's page 38-5, do you have 
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| 
that, Dr. Hollingshead? Or Goa, Ls athe *poreionvot 
the reply that I want to deal with. 

NOW, Ue) La understand Correctly 
that this reply to question 38 is based on the 
Battell Report of October, 1974? 

A ui 


think Dr. Clark can better respond to that. 





WITNESS CLARK: That's my 


understanding, yes. 


Q And that the last one 


of the problems that are dealt with in that answer, 


thattiss3sys"at’page B88~5---rdo you see: that? 
A Ves 
Q That that last of the | 


pipe below river problems that is dealt with in the 
response, the one that deals with rivers that freeze 


to the bottom is the relevant answer for virtually 





all small and intermediate crossings. 

A I'd have to re-read 
chat 

Q Well, Dr. Cooper, have 
you had an opportunity to look at it? 

WITNESS COOPER: I am just 
reading it right now, sir. 

MR. GENEST: Mrs Scorer, 
you mean it is an relevant answer for all streams 
that freeze to the river bed? 

MR. sCOPT s: Yes. 


A I think we could state 
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that that type of river is typical of braided rivers 
that we're crossing, I don't think there's any dispute 
there. | 


Q Do you agree, Dra Clark, 





or do you -- have you not finished reading? | 

WITNESS CLARK: I was reading 
while Dr. Cooper was making his comment. I didn't 
hear what he said. If you're asking is this 
typical of North Slope small streams, yes. 

a) Is this the answer that 
will apply to,if not all, almost all the streams and 
channels that enter on the North Shore, or that exit 
Onetne NOLth shore? | 

A That they would freeze 
to the river bottom, yes. | 


Q Yes, and this answer 





applies with respect to that problem. 

A Yes, it does. 

Q Now is it correct that 
the computational results of the Battell Report depend 


on the type of materials that existed under the river? 





WITNESS SLUSARCHUK: Yes Sir. 
Q And i take at it's 
also correct, reading the Battell Report, that they 
had to make assumptions about the soil conditions, 
about the type of materials below the river because 
there was no drill hole data for most of those rivers. 
A Tis 1s correct, sir. 


When we were doing these analyses with Battell, we 
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did not have drill hole data and we did make assumption 


with regard to permeability of the soil, and we varied 
it from fine-grained material to coarse-grained 
material. 

Q And isn7t it eorrect to 
say that in their report, Battell also had to make 
other assumptions or achieve simplifications of their 
definition of the problem in order to prepare a 
response to it? 

A They were some of the 
assumptions. The other major ones with regard to flow 
would be the slope, and that was not an assumption. 
We had measured data on the bed of the slope that we 
ANDi eintoO. that. | 

QO Yes put ft take 2t for 
example in order to respond to the problem with the 
knowledge they had, they -- and I think they perhaps 
conceded this -- they ignored the pressure rise which 
would occur upstream of the growing frost bulb. 


A in, this) case, yes six. 


Q Yes, and aS a consequence 


= 


in developing a model to which they could respond or 


which they could analyze -- 


A Excuse me, sir. 

Q Yes’. 

A Dwasancorrect. That 
was not -- we did not ignore the pressure completely. 


We didn't consider it a confined aquafer, and from 


that point of view we ignored the pressure; but we did 
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take into account the pressure difference at where 

the water was flowing past the bulb, and that as the 
bulb -- the frost bulb enlarged and started to close 
off more and more of the aquafer, we reduced the rate 


of flow accordingly,according to pressure loss, but 





not according to a confined -- not assuming that the 
top was frozen. We assumed that the water table could 
just go up to the ground surface. 

Q Well, I make no criticis 
or ate but would at not be correct to say that the 


Battell computational results are a speculation based 


on a model and on a variety of assumptions? 

A It's our -- I don't 
think “speculation” is a fair word, sir. We == Battel 
actually just carried out the analysis. We were the 


ones that laid down the various input parameters that 


we wanted run. They developed the convective portion 
of the model and ran through the mechanics of putting 
the numbers in and coming out with a solution. But 
it's not speculative in the sense that we just put 


any numbers in. We put in very rational numbers. 
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evidence or field data that would con- 





Cr. ph&xam. by scott 


Q When I said speculative, 
I was perhaps unfair, I didn't mean to suggest 
absolutely random, which I think is the point you're 
making, but it was a judgment based on a model based 


in part on some necessary assumptions? 


A Yeo). Sais | 
Q Yes. “YAnd'” Tsput atte you | 
| 
that therefore it can -- the conclusions of Battell 


can really only be accepted as fact after they have 
been tested in the field? 


A We don't have any field 





firm the results that we've got here. That is 





COnrect A (sin. 

Q Well i teake 2t. that.as 
we were saying yesterday, that when you took Battell's 
geothermal analysis, you were able in the way you | 

described yesterday, to effect some tests in the 


field to ascertain the accuracy of their analysis with 





respect to the geothermal problem? 

A Yes, sir. 

Q I take it that you would 
want to do the same with respect to their analysis 
about these rivers, if it were possible? 

A Yes. We did make a couple 
of tests to make sure that the computer program that 
was developed was working correctly. We compared that 
and this is given in that report. We compared it with 
a close form solution for a convective model of water 


flowing through soil to check whether the model was 
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“ handling the convective component correctly, and it 
3 was. So this gave us confidence that the convective 
3 | model was -- computer model was working correctly. 
4 Q YesQoouisrthere -- and we 
5 have been unable to find any, is there any report or 
6 | analysis of that test? 
7 A It's in the Appendix of 
8 that report that you're referring to, the Battell 
=| report, sir. At least to the best of my knowledge 
10 | ft Sain chere.. 2'm sue itomustebe. 
" O Well I take it that gener- 
ie! ally speaking with Battell, you have attempted to test 
13 and, as you indicated yesterday, their results 
14 in the field, where possible? 
15 A Yes, sir. 
16 |i Q Has it been possible to do 
1 ay; any of that field test with respect to Battelli's 
18 results related to this problem? 
19 A No ,4a81z% 
20 Q No.anAnddadj take 2 that 
22 you have no plan for a sort of a test river crossing 
22 on the north slope? 
23 ; A Not right at the moment, 
24 6aryvonose ner 
25 Q Is any plan in the works 
26 for such a test river crossing? 
21 A NOs lr. 
28 Q Now Dr. Cooper, in a report 
29 made by T/ Blench and Associates Limited, called 


30 "Breakup Observations on Northern Rivers of 1973", 
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made in June, 1973, there is a statement I wish to 
read to you. You're familiar generally with that 
report; are tyou? 

WITNESS COOPER; 

A Yes, it's been some con- 
Siderable time since I've reviewed it. 

Q Yes. And it was made by 
Mr Nuttall on your ‘filam? 

A That's correct. 

Q On'page *20% of «that report, 
under a heading "Discussion of Aufeis Observations", 
A-u-f-e-i-s, Mr. Nuttall says, and I quote: 

"Growth of the frest bulb 

around the pipe in an unfrozen aquiger 

could conceivably restrict seepage flow 

and build up damaging pressures". : 
Do you agree with that observation? 

A Damaging pressures, I 
believe Mr. Nuttall refers to as pressures that would 


cause surfacing of the water, and addition to the 


icing. Not damaging -- he doesn't mean it as damaging 


pressures to the pipeline. 

Q With that qualification, 
do you accept the rest of his statement? 

A Yes, if the permafrost 
configuration was such that the constriction of the 
ground water did occur, yes. 

Q You've said that the 
qualification you add is that it is damaging if the 


-- if it rises above the water bed. What's damaging 
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si about that? | 
5 A Well that's my qualification, 
3 | Redon cthink “imwould Muse “the: word "damaging". I 
4 think I would use the word that excess pressures road 
= be built up, or the wording that excess pressures 
6 would be built up, and this would cause a surfacing 
| of the water. | 
3 QO Is there any -- assuming | 
a the pressures build up in the way that Mr. Nuttall 

10 has described, a it result from that, to either 
TY the pie onthe environment? 

12 A Noy Caedongeebelieve so. 

13 Q What is the consequence of 
14 the build-up of those pressures? 

15 A Well I'd like to also | 
16 | point out that we have proposed a solution to alleviate 
Ky those pressures and pass water through. 

13 Q Thaty setheshoLetin the 

19 pipesdthat -— 

20 A The insulated pipe, yes. 

a1 Q We" ld come to’ that in, a 

pi) moment, and obviously if you have a solution there 

wy aren ti going: to| be any pressures and there isn't, 

24 to use Mr. Nuttall's phrase, as qualified by you, going 
25 to be any damage if all that works. But if that 

M6 solution were not devised, what is the damage that 

pe) would result from these pressures, or is there any? 

28 A Well, what would result 

29 is you would get water surfacing upstream of the 

30 pipeline, which is the mechanism by which these 
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1 icings develop naturally. 

2 Now, the presence of the | 
3 constriction due to the frozen pipeline, would be to 

4 cause the icing to grow upstream. 

5 Q Well now, Mr. Nuttall 

6 | goes on, and perhaps I should read the whole para- | 
3] graph, so you'll have it. It reads as follows: 

8 | "Growth of the frost bulb | 
9 around the pipe in an unfrozen aquifer | 
a could conceivably restrict seepage flow 

11 and build up damaging pressures. This 
12 problem has to be studied by means of 
13] drill holes and temperature observations | 
14 wherever sub-soil seepage occurs. Aufeis | 
LS deposits on or downstream of the route | 
16 marked possible sub-soil seepage". «+ | 
LF Would you agree with that observation, bearing in | 
2.8 mind the qualification you've attached to the word | 
19 damage? 
20 
2a 

22 

23 

24 

25 | 

26. 

27 

28 

29 











to sotseang sit <wok | eh -, 


entieqdig .assora ant of ab: a absointe 


tl te wtsa go 
re 


, i 


es > > see jis weTP od ene 2k 9 | 


, 2Co lisa we a s if 


j 
) 
i 
























aod 
o A 


omy 
$x .of oved Lr gay oe om: i 


bivota L eqesizeq bas (moe 





*\ 


a 


fdswotw” 
iru am ab eGta ens bovots AZ, 
tases yYidsyv isones bluoo | 
~rEpamah qu if gud bre =| 
busta sth oF sed maiderq: 
egies bas saked 6x5 
{foes eine “ayvertode a9 
sob 20 AO Sthaogqeb 
Ling-due 2 fdiaeaq betene Wie 
nade. Shere ithe aotRs yoy ae 
voy Roltsos tilewp ant ‘beim 
7 £ 


Sopemeb) 
i wd 


AOCWEST REPORTING L.7 oO). 
BURNABY Zz, B.C. 








Ny | 














3455 


Clark,Hollingshead,McRoberts 

Slusarchuk , Morgenstern, Cooper 
Hardy ,Williams 
Cross-Exam by Scott | 


A Well yes, of course. 
WE would be investigating the crossings to determine 
the thickness of the aquifer by bore holes. 

Q Well now just so we'll 


be clear, the problem we're talking about, I take it, 





is -- relates to the ground water. 
A Yes sir. 
Q And what is happening is 


that the ground water would, in the absence of the 
pipe, would percolate along here, in due course com- 
ing to the surface at various places. 

A Yes, and causing 
icings naturally. 

Q Yes, and that what has 
happened is that between the -- in the winter, in the 


March example, between the level of frost below the 





river bed and the permafrost, the pipe has been 
inserted. 

A Yes, in cases where 
the permafrost is that shallow, that would happen. 

Q Yes, and around the 
pipe has grown a frost bulb. 

A That is correct. 

Q And the result of that 
may be if the dimensions are right, that the Templeton 
Wall, which is the frost bulb, insofar as it extends 
between the frost line below the river bed and the 
permafrost line, may block off that ability to see. 


A Only ain thosevcases 














Sik ideal taal 
tego), poets Ri 

ams 1 I 
4tane ye mex ibe te 





-sewoo te ,aey LIS A ve ; har 


> = fee 






yo oxy, OF paijeptsaaval & d euw aw 
a}: SLO { Spo ya ea) | itp ano to 7 fo 


[t'4w. ok saup won Lis 0 ; 
i oe in 
: eo ed 7 


4; otk’ I .apods porictiss s2*ew tel cory, ol eis 18 " 


| | -_ rit | 
1etew bosom end oF asanlet t— el 
1 r va - 






















any 36 jiped ifs oi .biwow 2scew brvoxp edt tan 7 


| foo Seti ub af .2x6H Saofe otsloumed bivow ,eqig — 

A ; a wri 
! nevaty apoitey te sostiea ems oF prt 

| : a 
Tene i 2 i 4 , 5 rd A 7 7 7 7 
_ AN a} 
wiiswwjsa epniot- 

ig 


4 taytw sit af -- sh feevwited sens et bensage 


. 7 = 


rol ett aseweed vofepiexke | dot 
ad? .deottemisa oft Bas bed ne 


. : aren (: 7 


_meacend bigow t6d¢ /wollene stedaq3 2i sa0m 


diud teoxt s owoxup Bed eqiq 


7 a 


a = - 


4092205 ei SEAT A 
+o¢4 toa tigesx sft baa: 9 


: a + 
aotetlameT sft Jada \FApixt orm cme edd 7. 


ee 


abroidxe di Be wsteanl ,diva nee. sit ef doi : 
eit Dns beck aoe te ect woied amit 3eo: peer 


a 


ACLCWEST REPORTING L-TD. 


BURNABY 2, B.C. Clark,Hollingshead,McRoberts 




















3456 


Slusarchuk ,Morgenstern ,Cooper 
Hardy ,Williams 
Cross-Exanu Dy SCOLt 





where we consider it not necessary to put the cross- 


drainage in. 


Q Yess Lim (just itrying «to 
analyze the mechanics of the problem and then we'll 
come to the solution; but the problem is that the 
Templeton Wall may effectively prevent the seepage 


in certain cases. 





A Yes sir. 
Q And I take it that 
then you do agree with what Mr. Nuttall has said, that 


the problem has to be studied by means of drill holes. 


WITNESS CLARK: / A If I could add a comment, 
sir? 
Q Yes, certainly. 
A Our proposal is not to | 


restrict ourselves to bore holes in studying that | 


problem. 


Q What other solutions are 





contemplated in order to study the problem? 

A We're contemplating a 
geophysical survey there as well. 

Q Well -- 

THE COMMISSIONER: Contemplat 
ing what? 


A A geophysical survey. 


MR. SGOTTehain thishcontext 
then with relation to those rivers, what is a geo- 


physical survey? 


A It could be resistivity 
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Or it would likely include resistivity surveys.. It 
could also use shallow seizmic surveys. 


Q What is the first kind | 





of survey? 


A It's a survey that's a 


very common technique that employes an electrical 
device where a current is passed in effect through 
the earth. 

Q Is this in effect shallow 
seizmic blasting in the river? 

A Oh no, it's -- there is 
no blasting at all associated with either of the 
techniques that I've described. 

Q So I take it then that 
you have that potential technique, you have the 


technique of soundings. 





A Yes. 
Q Will soundings help you 
tell where the permafrost is? 


A Not soundings, no. 


Q Will the first help you 
tell where the permafrost is? 


A The geophysical survey? 
Q LCS > 

A Yes ,A.t .will. 

Q And then you have the 


possibility of drill holes. 
A Yes sir. 


Q And I take it that those 


me 
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techniques are designed to give you in every concrete 
case where it's required the kind of dimensions that 
are shown in the two diagrams I've put before you. 

A That's our expectation, 
combined of course with reconnaissance, the types of 
observations that will be made over this year and 
other years by others as well as ourselves. 

Q Well now, I take it, 

Dr. Clark, that the problem that we have been analyzin 


is not limited to minor river crossings, but also 


applies to the Malcolm and Firth Rivers. 


A Indeed it does, yes. 

Q Yes, and I take it that 
on page 14 of the -- of your canned evidence, the 
adcenaum, actually 7) —— 

A Page 14 of the addendum? 

Q Yes, it's a response to 


one of the Assessment Group's questions, you Say in 
the first sentence: 
"It is agreed that operation of the chilled 
pipeline by itself could induce new icings at 
some minor river crossings." 
I take it that that -- the effect of that when under- 
stood is to include the Malcolm and Firth Rivers. 
A It could induce some 
icings, yes. 
Q And with the exception 
of the Mackenzie leading into the Arctic, it's a 


problem that applies basically to all the rivers, 
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exiting on the North Shoré. 
A All the gravel bed rivers} 
yes, where there is winter flow in the bed. 


Q And minor is only a 





comparative term in this context, as compared to the 
Mackenzie. 

A We have a classification 
of mapr and minor river crossings that actually relates 
to the manner in which they are built. Usually a 
major river crossing is one that is handled by a 
separate contractor; a minor river crossing is one 
that is handled by the contractor dealing with that 
particular spread. 


Q Well, that's where my | 





trouble has come, this definition "minor" ‘and "major" 


1S ascontractual definrtion. 

A It's a piece of jargon 
that we use in the context that I just described, yes. 

Q But it would be agreed 
that this problem is a potential problem for all the 

including 

rivers that exit on the North Shore,’the Malcolm and 
the Firth. 

A When we say "minor" 
in the context that I've just described, we don't mean 
insignificant. They are very significant rivers. 

Q Dr. Cooper, would you 
agree that the appearance of icings in a stream channel 


downstream of a proposed pipeline crossing tends to 


indicate that there could be a ground water flow in 


+ 
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the stream at the crossing? 
WITNESS COOPER: Either a 
ground water flow in the stream at the crossing, or 


the presence of some springs in the banks or in the 


| 
| 
valley, so to speak, downstream of the crossing, either 
one of those causes could be responsible. | 

Q And that in fact there 
are a Significant number of icings downstream of the 
proposed pipeline crossings, both along the Yukon 
coast and in the vicinity -- in the valley of Norman 
Wells. 

A I couldn't give a firm 


answer on that, in that most of our work on identifying 


icings has been concentrated on the interior route 





in the Canning River. There has been work on-going 
this winter that will give more definite answers to | 
ates 

WITNESS CLARK: I can answer 


that, .,the answer is , yes. 





Q Both with respect to the 


Yukon coast and Norman Wells? 


A Yes. 


Q And that in all these 
streams, fish tend to over-winter in the patches of 
open water that are associated with or adjacent to the 
icings. 

A I can't give a definite 
answer to that, but our fish biologist has identified 


for us the areas now where they suspect over-wintering 
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Yes, Duis Dreae¢lark -- 
It certainly is not 














5 aad. 

6 | Q == neji buttwouldn 'toevou 
7 agree that your fish biologist has indicated to you 

| that the patches of open water associated with these 

2, icings are a natural place for fish, and I think par- 
| ticularly char, to over-winter? 

ki A Yes. 

7 Q It doesn't mean that 

| every patch of water is going to have over-wintering 
7 fish, but I take it that every patch is a potential 
el over-wintering place for fish. 

16 | A I think that's correct. 
17 | WITNESS HOLLINGSHEAD: I think | 
18 I might add, Mr. Scott, that there are not patches 
EY of open water associated with every icing, as you 
20 suggest. 
21 Q No, I didn't mean to 
22 suggest that, but what I'm trying to -- the point I'm 
23 trying to make is that where those patches of water 
24 occur in the winter, they are frequently associated 
25 | withndcings: 
26° WITNESS CLARK: A I would think that there 
27 would have to be a repeated occurrence. If for instande 
28 there was open water in a location this year and it 
29 was frozen to the bottom next year, and so on, that 


30 it's likely that the fish would adapt naturally to 
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that particular environment and not select that 
particular area that might be open this year. 

Q So what are you telling 
me, on the basis of your understanding that the fish 
to that extent are a creature of habit, they go to 
the open water areas they've gone to before? 

A I would think that would 
be the case, yes. 

WITNESS HOLLINGSHEAD: If I 
might add just a word, Mr. Scott. The potential over- 
- fish over-wintering areas which have been suggested 
by the fish biologist are primarily associated with 
the warmer water springs and there are comparatively 
few of these potential areas. They are certainly 
not associated with all of the minor stream crossings 
along the -- 

Q Well, the fewer there 
are, I take it, we can say the more important they 
are. 

WITNESS CLARK: I don't think 
we're qualified to answer that, Mr. Scott. 

Q Well “now, Dr. Clark; if 
the pipeline were at a crossing to intercept this 
ground water flow, I take it that there would be 
presumably no icing at the customary place unless 
a solution for the problem were found. 

A Do I understand you to 
mean that we wouldn't put the pipeline where an 


icing naturally occurs? 








| 
| 
| 


| 
| 
| 


Shivaw tedt Anids bivow Tt A | ier 


 nteve Isignesdog at? .ts008 LAM (bow 8 Jeet Bos tipim 
































$scd3 toslon jon bas Paerre™ ssiubidas veda 
sey obit cogn sd tdoim 387 sets weluoisieg 

pnilie? voy sis senlw od 0 . 
deii odt dsd¢ poibnstetebau awoey to efesd She FO <a 
od ov yors .tidsd Yo Saitesto & StF aeaee gedd of 
forptead o+ srop sv ’yst? sserTs anil aren 


mey onto ontied | 


1 2% :GAZH2DU1L1I0N ceantiv 


batasppus cosd overt doidw aseas pnitedaiw-zeve deii - 
dsiw betsinosse ylixatitiq ets daipofoid alt ofteyd 
yisvisexisymoo ete eters Bas apniaqe 2S36W 1emyew ent 
yinisJie0 St5 yed? .esets Jaisnejoq seett 26 wot 
apateecor> maoute “onim odt Jo Lis dain hetsiooass Jon 
-- elt pools 

steny s9woi oft ,Iiew o 
Yard tasdsoqmi strom ofd yee ARO Sw {Tr oAss Ee ,o%e8 
jem. 

jnida a?aob 1 :HAAID e@egn7rtw 
stioo2 . 3M ~tedd xewens oF best itaup-entiow 
Ri yatzs iD .1G ,won Liew 9 A’ ae | 
eifd tasorsdnt oF patssoi> 6 Jn Siew emer ; 
ed bluow exsds Jedd ti soles I ywoit rodew baeae 

atelnu sobiq Yasmosend ed ts poist om yl 

sbavol siew moldotq edt “10? 
ot oy Snsserebay Dod A ‘ite Oye 
ns oTedw: enifeqig efs suq *abluowew a 
my shel ois Fewwooo YLL | 


AL Wisur REPORTING L-hD.. 


3463 
Cark, Hollingshead, McRoberts, 





BURNABY 2, B.C. Slusarchuk, Morgenstern, cooper, 


~~ 











Hardy, Williams 
CL alin. OY? CCOCL 


Q No, I am suggesting that 
if the pipeline in the type of diagram I've described 
intercepted the ground water flow, there would be no 
icing at the customary place, and in considering 
that, I ask you to leave aside your solution to which 
I will come. 

A If the pipeline did inter- 
cept the aquifer that was producing the open water, 
unless the open water was associated with a very deep 
source of water, that would be unaffected. 

Q In that situation,if the 
bulb had that effect, I take it that there would be 
no icing at the customary place? 

A That's a good possibility, 
yes. 

Q And if that customary 
place were a place for fish, there would be either no 
fish or they would be trapped and die? 

A If the icing depleted 
their water, that's correct. 

Although I should say that we 
have found open water in the lower reaches of rivers 
where there is substantial icing upstream from it. 

Q Now, Bee Cooper in his 

Overview evidence, Dr. Church showed us a photograph 
of an icing that developed below the river bed and 
lifted it up by several feet. Have you seen that 
photograph? 

WITNESS COOPER: 


A Noes ur. 
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Cr. Bram. Dy SCcOCce 


Q I would like to show you 
Exhibit number -- photo number 76R, page 33 of the 
exhibit which was put in earlier in the week whichis 
Mr. Church's photographs. I don't have the exact 
exhibit number, Mr. Commissioner, and ask you to look 
at the second photograph. 

A Yes, sir. 

Q And that appears to be, 

I take it, what Dr. Church has described? 

A Yes, sir. 

Q In fact, I think we have 
Dr. Church in the picture, don't we? 

A Yes sie. 

Q Now, in the Battell report, 
and as I understand the applicant's reply to Question 
38, it is stated that the pipeline might cause exten- 
Sive ices, icings where it crosses frozen rivers 
with significant ground water flow below. — And you 
agree with that? 

A Well yes, under the condi- 
tions that we've discussed in the past 20 minutes. 

QO Yes. Well now, is it not 
possible that such deep icings might endanger the 
line, the pipeline? 


WITNESS CLARK: 


A ~ think that: that 2s> cleart 


an effective stress problem as we've described it, 
and what Dr. Church has shown there as I see it from 
a very brief glance, is where a layer of frozen soil 


has had water under pressure and it has lifted it 
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i under that pressure. A comparable situation might 
o be if a water main breaks near your house and your ) 
3 basement floor lifts and cracks, the house doesnt | 
4 Jattvand cracks | 
5 Q No, but I agree with your 
6 | analysis of what Dr. Church has described, but isn't | 
7 | it conceivable that that could be a danger to the | 
8 | integrity of the pipe, or expose it to pressure? | 
9 A The amount of force that 
10 that water can generate is limited by the overburden 
772. pressure. In other words, using my analogy, that's 
i? why the floor breaks and why the house doesn't lift, 
13 so it's not axiomatic that it would do damage to the 
14 pipeline, because that situation develops. 
15 Q Well, why can't it exert 
16 that pressure on the pipe and do damage to the pipe? 
17 | A It's -- here we are dealing} 
18 with a thin layer of frozen soil where with the pipe | 
19 you're dealing with, as you've shown, a very oe 
20 ial rigid element with a mass of frozen soil above | 
21 it, and if that mass of frozen soil were not above 
oe the ppe, we wouldn't be cutting off the water. 
3] | 
24 O Well, is it your position 
a that the soil is going to give way before the pipe 
does? | 
A Oh, the crust would give | 
way before the pipe. 
Q Yes. Well what studies 


have you done in connection with this problem? 
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Cre. Exem., by Scott 


A Well the studies per se 


-- it's more by way of devising a solution for deeper 





burial in these crossings, for example. It's 
analysis of situations that indicate that that problem, 


just wouldn't exist. 


QD What I'm getting at is is 
there in fact any report, study or analysis to which | 
we can have access, that catalogues any work that 
you have done in relation to this particular problem? 

A No, there's not a report 
now, but there is a study that is underway. It has 
been for some time and it will be continued even 
through the summer, and ultimately we will have a 


report: ona. its 


QO I may be here in September, | 





Dae Clarkyeso, it you have it »yitdybe grateful’ to-have | 
that, because there appears to be no other study of 


which we're aware that deals with the problem. Would 


| 
| 
that be correct? 

A Well, our objective here 
has been to expose to you and your advisors as quickly 
as possible any time we have a study for you to 
see and we certainly would do the same then. 

Q Well now, Dr. Cooper, I 
want to refer back again to Mr. Nuttall's report and 


his use, as explained by you, of the word "damaging", 


and I want to do so by referring to the Environmental 





Protection Board report which I think Mr. Commissioner 
is already an exhibit, On page 9 of that report, 


in Volume IV, there is a description of how large 
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I icings have been observed to explode, and the authors 
2 say this, and I quote from page 9, column 1: 

3 "Occasionally the water 

4 pressures that create icing mounds are 

5 large enough to cause the mounds to explode, 

6 | nearby structures and activities may be 

7 threatened. The most dramatic instance 

8 of such an explosion was recorded in 

4 March, 1928 on the Onan River in Siberia 

10 where a block of ice, 62 feet long, 16 

bl feet wide and five and a half feet thick 
A was carried along the river icing surface 
13 | about 400 feet downstream shearing away 
14 a smallbridge". 
15 | And then a citation of the report is given. Are 
16 |j you familiar with that observation that is set out 
17 | in the Environmental Protection Board's report? 

18 WITNESS COOPER: A I'm familiar with some 
19 || documentation on this, and in various discussions 
20 I've had, we've never really been able to confirm 
a1 the meaning of explode in these descriptions. 
te When we look at the pressures that are possible, we 
23 find it very difficult to believe that an explosion 
24] ~ per se could happen, that it would be more due to 
dg expansion forces, et cetera. 

264 Q Well, are you familiar 
Pa | with the recorded instance which is referred to in 
28 the Environmental Protection Board's report? 
29 A Nowitm notteir)4 nos 

30 Q I take it, giving a more 
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Cry Exam. by Scott 

general meaning to the term "explode", you would 


agree that pressures can be created so that the ice 





is transported at some distances under great force? 


A Well, no, what I'd agree 
on is that pressures can build up natrally beneath 
the icing to an extent that it will force water to 
the top of the ice, and of course that's the mechanism | 


by which they develop, by flooding over top. 





Q Well, in that particular 
recorded case, a block of ice was carried some 
distance, obviously under some pressure, because it 
sheared away a bridge. Is it not conceivable that 
without solution, that kind of thing may occur when | 
these pressures exist? 

WITNESS MORGENSTERN: | 

A May I comment here, Mr. | 
Scott? There are two aspects of the problem; one 
is the pressure associated with the venting of water 
from its confinement and the other is the magnitude 
of water that will then issue. 

Our understanding of the mech- 
anics of confinement associated with icing development 
is that the water pressure cannot exceed the weight 
of soil over it, since this is a few feet, perhaps 
five, six, eight feet, the magnitude of the water 


pressure from consideration just of equilibrium, 





can't be any greater than that. 
When it tries to become 
greater than that, and -- it then lifts the bed 


and begins to vent. 
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Now, when it does vent, if there 


is a substantial amount of water contained in the 





aquifer, a lot of water can then come out and can 
transport things, but the association of a transport 
with high pressure doesn't follow. 
Q Well, I take it that the | 
transportation is achieved by the high pressure? | 
A No, it's achieved by the | 
discharge of water out of the venting. 


Well they, what -- 


A -- the high pressure -- 
0) Well, what moves the ice? 
| 
A It's the flow of water | 
| 
moving blocks of ice. | 
| 
Q alle rights... .Se,g that.1,, take 


it it's conceivable that the kind of thing that was 


observed in this report can happen, the water under 





pressure is released in quantity and carries ice with 
it in such a way that damage can be done to whatever 
it Suns. into? 

MR. GENEST: That question, 
I take it Mr. Scott, would assume that an observation 
made in Siberia in 1928 can be relied upon as 
accurate? 

MR. SCOTT: Well it's reported 
-- is my friend suggesting it's not? 

MR. GENEST: Well I -- 


MR. SCOTT: It's reported by a 


professional. I'm prepared to accept that. 
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MR. <GENEST: ~I*m not. 

MR. SCOTT: Well, the question 
I was asking Dr. Morgenstern has eluded me, but I 
take it to be this, that if the pressure exists, the 
water is released, is that correct? 

A Yes. 

fe) And the water, because it 
is released under pressure, may move with some speed? 


A A large discharge can 


come out and it can then move down the surface. 


Q With some speed, presum- 
ably? | 

A Depending on the slope, 
Veusma seunccion, Of local] .cond1tions. 

Q Yes, yes. 

A In steep ground it would 
move faster, and gente ground it would move more 
Slowly. Andialso itis «a. function of. the, confinement 


of the channel, a variety of things like that. 
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Q The force with which 
it's released, that is I suppose the pressure under 
which it is held until it is released, will that 
effect the rate at which the water moves upon exit 
from the pressure source? 

A It would be more con- 
trolled by the nature of the uplifting and breaking 
of the ground, rather than the actual source pressure: 
The point the maximum pressure could get to before 
it begins to bend would be limited by the weight of 
material above it. 

Q And I take it that that 
water can carry a large piece of ice in appropriate 
cases. 

A It's certaihly moving 
water can transport things, and then how large now 
becomes a function of how much water and channel 
configuration and so forth. 

Q Are Dr. Morgenstern or 
Dr. Cooper or Dr. Hollingshead or any of you 
familiar with that paper reported in 1960 by Checko 
Teoh? I don't know the precise reference but it's 
contained in detail in the Environm atal Protection 
Board's Report. 


WITNESS HOLLINGSHEAD: No sir, 


WITNESS COOPER: No sir, 
Lim-nokrs 


Q Would an examination 


of that paper 
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: 

2 potentially lead to any qualification of your views? | 
3 | No, what concerns me is that all of you have given 
4 direct answers to my questions, for which I'm grate- | 
5 ful, as I understand it none of you are familiar with | 
6 | the single reported incidence. Would it help to look | 
7 at that report? 
‘ WITNESS COOPER: Well, we could 
= Certainly better comment 17 we could study it 

15 | in some detail. 

el : WITNESS HARDY: What is the 

12 reference again? 

5 Q Well, it will be in the | 
14 back of the Environmental Protection Board's Report. 

i$) I don't have the details, it's a 1960 report. | 
16 Now, Dr. Clark, on page 

ied 19 of the canned evidence, again dealing with your 

18 responses to the Assessment Group's Report, you were 

19 dealing with the principle of convection, which if I 

20 remember correctly, is the principle by which heat 

on is transmitted through flowing water in these 

ze circumstances. 

tee eine Br WITNESS CLARK: That is 

24 Q And at page 19 on the 

25 | last paragraph of the page you say, and I quote: 

26 "In general the effects of convection on the 

27 development of the frost bulb around a chilled 

28 pipeline are twofold: Firstly convection 

29 tends to reduce the size of the frost bulb." 


30 And I think that was the evidence that you gave. 
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Hardy ,Williams 
l Cross-Exam by Scott 
2 | A Yes. 
‘| Q mand i take it the theory | 
4 is that the water , the ground water in our diagram | 
5 moving through the March diagram carries heat to the 
6 | frost bulb and in your words "tends to reduce the 
zi size of the frost.oulp... 
8 | A That's correct, yes. 
9 | Q Well now, in the Battell 
| Report in their summary on the last page they say: 
11 "In general the results indicate that moderate 
29 sub-surface flow can have a significant effect 
1.3 on the size and distribution of the freeze zone 
14 around a chilled pipe. In local regions where 
15 permafrost is not present but where weather 
16 conditions cause several feet of soil surface | 
17 freezing, a chilled pipeline may drive the 
18 local frost zone to a depth several times that 
19 of the undisturbed freeze depth." 
20 And then this remark: 
oat "Moderate convection only delays somewhat 
2 this penetration." 
23 Ro you agree with that observation? 
24 WITNESS SLUSARCHUK: It does 
ED | delay the penetration. I think they are talking about 
= -- I think they are referring to a case where there 
P| was a limited depth of soil in the geothermal program 
28 that they were actually referring to. A more reasonable 
29 -- so from that sense I think in the context that 


30 they're probably talking about there I wouldn't 





as Sn _ 


yiesdy 93 21 s¥at 1 Daa g 























aevpeib suo nf <edsw Dbaborp Sm , iene gerd et 
of: oy tped egiuvso mezpeib dowem sf? apword? patvem: “fe 
ef surhst od etnss” shaow amoy at Boe diud, t29x3 eo 
“W @id sand ond Yo 9s 7 
aby \/Josteec 2° 3807 A 
fexce8 etd ak ,won Dis Qo ron Pt. 
‘vee ysdd aweq sec! oft ac visite sieas ni txogon 
oteyebom teed etvsolbat edivesa ond Intenmep ab? 
jostis Jasoizinpie 6 oved sao we soe tive-dee, : 
onoe ateoT: off 26 aoiszodiadelh) Bas exis a4 fo 
suotw aioiver Isco!l at .egia bellsdos HavoLs 
isijgow atedw sud saaaesq Jon et Seorlemiege | 
sontuwe lice Yo toe% Lexeyae savsd efolsaibaco 
efit svith yan eailegig Balieds @ senisssrt 
jpfit 2oniy Larevee mqeb & 99 Bros Jagms {pa0f 
" .diqeb ssootd Bedsutetbas odd 20. 


itsamez eli toits, but 


tsilwamoe eysfob vine apideavnos eiazeboMe” 5) 


{solsgsvareado sent dtiw sexs bea oa \a 


ae 
esob 31 Reiutecites RBesuTiw : 


suods pid ted S15 tors Aas, T ain — es | 
sion? ousdw s26o.8 Fs Brisistet ets yous Anda 1 = 
meipoz; Lemxetiioep, sit? wh Liow 30 aneh, Dasiaig® oe 
denogs22 e10m A 03 gritaste: yileutos = } todd 
soca aeeunes ed ai Andis J sénea 3 — 

7 aelucw. ape wade enlaied ee 










1 


ALLWEST REPORTING L-TD. 
BURNABY 2, B.C. 














3474 
Clark ,Hollingshead,McRoberts 


Slusarchuk ,Morgenstern,Cooper 
Hardy ,Williams 
Cross-Exam by Scott 
disagree with it, but in general I would disagree with 
it, yes. 


Q You disagree with that 


paragraph of the Battell Report in general. 


A That, poant + 
MR. GENEST : Thats not what he said. 
MR. SCOTT : I'm sorry, what did he 


say? I'm not quite clear. 

A I would disagree 
-- let me put it this way, in general if you've 
got convection, the equilibrium position that the 
frost bulb would tend to go towards in the convection 
case would be at a -- would be smaller than a case 
where convection was not considered. So in that sense 


rts not Malaying Pe nGikt kswvacqeuakiy lretarding inte: 


e 








Q Well, -- 
A Stoporng 1b, in fact. 
Q Well, Battell says that 


moderate convection delays the frost penetration. 

A It does that. 

Q Yes'pkall tright:. vDbet ake 
it that they have nowhere suggested that it reduces 
the size of an existing frost bulb. 

A No, dicdon ‘ecthink «thaths 
correct at all, sir. You have our answer 38 there, 
and I'd like to refer you to 38-1, that the whole 
Situation is really shown right on that figure exactly 
what we're talking about. 


Q No, but what I'm asking 


you is that apart from theory, you have the Battell 
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i Cross-Exam by Scott 
eA Report which doesn't suggest that it reduces the size | 
a of the frost bulb =- 
: A It does suggest it. 
> Just in that particular sense that you're saying there 
4 it doesn't, but in other places it does suggest it, 
‘| and that's how we got our information. ff think it 
8 more than suggested it, it actually says it. 
- Q Well, perhaps by 
10 Monday you can produce the portion of the Battell Repor 
nee is. 
L2 ; 
i A Ves SLi. 
13 
Q =—stat wwii Chutnat 
a4 point is made. Now, Dr. Cooper, would you agree 
=< that even though icings may generally form as has been 
og said in the same location each year, that’ their extent 
| 
i is highly variable from year to year? 
Si WITNESS COOPER: In some 
4 cases it is; in some cases it's, I believe, less 
oh variable. 
Pan 
Q I take it that you have 
= some data, that Blench has some data on the size of 
23 ks 
icings. 
24 } : 
A We did a reconnaissance 
2 2 : 
| that you were quoting earlier, that gave some rough 
»c, | 
ei data on that subject for one season, yes. 
ad Q And is that the limit 
* 
aa at the present time of your reported knowledge? 
Pe 


A Of our reported knowledge, 


| as I mentioned earlier, there are ongoing studies. 
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Q Now again in question 38 


ofthe Assessment Group Report, you agree that the 


frost ‘bulb “under rivers’ could ‘lead to’ *the formation 


of icings. We haven't been able to find a report on the 


size of these icings. Is there one as far as you know? 
A NO Sir: 
Q Well now I've been 


referred, Dr. Cooper, to the National Research Council 


workshop seminar on permafrost hydrology of 1974, and 
there is there a paper by Van Everdingin -- have I 
pronounced that right? 

A 2m not sure, 

I'm not aware of it. 
Q Which mentions east 
core mounds or open system pingos, and the author of 
that paper says: 
"A last phenomena," 

and I'm quoting, 
"A last phenemena to be mentioned in connection 
with ground water discharge is the ice core 
mounds known as open system pingos about 500 
of which have been mapped by Hughes, 1969, 
in the Yukon. They are mainly confined to 
narrow valleys outside the limits of Wisconsin 
on Glaciation where permafrost is continuous but 
relatively thin, and where asmall but continuous 
supply of ground water is available." 


Are you familiar with that phenomena? 


3476 














A No sir. Is it associated 
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1 
Z| with river bed icings, or is this a ground ice? 
3 Q Tt isn't clear from the 
4 answer. It's created, as the author says, by ground 
i) water discharge. 
6 | A Yes 
7 | WITNESS HARDY: I think, 
8 Mr. Scott, that there are members of the panel that 
9 are quite familiar with pingos. 
10 Q Well, I understand that, 
pa Dr. Hardy, but I think we're talking about a different 
12 kind of pingo now. 
183) WITNESS CLARK: We are talking 
14 about a ground system pingo now. 
15 Q Well, the author goes 
16 on, Dr. ‘COoper, to say: : 
17 | "Gradual growth of ice lenses by freezing of 
18 seasonally or continually supplied ground 
19 water is likely responsible for the formation 
20 of these dome-like structures." 
21 Does that help you? 
22 WITNESS COOPER: Well, if you 
23 could indicate where this is a river bed assoc tated 
24 feature, or is it a ground icing that is associated 
25 | with a spring? 
26 | 
2H 
28 
29 
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| Q Let me read the rest of it.| 
2 | A Okay. 

3) Q "This particular ;possi= 

4 bility may warrant their further study in 

5 the light of potential influence of chilled 

6 | gagspipelines on the movement of sub-surface 

Y waters’. 

8 Now, are you familiar (a) with 
9 that phenomena? 

= A NO} ,q (Si ere ele Tatil. 

ny Q And lL take wit that you 

1D have no reports or studies connected with what this 
13 author at least describes as open system pingos 

14 caused.in .the, way he's described? 

ns A No epost, « LedOenot. 

16 Q No. : 

Fi WITNESS CLARK: 

18 A Thess tudies (that sive 
19 described on icings that are being carried out by 
20 our hydrologist would include open system pingos, 
| in fact he's in close contact with Van Everdingin and oth 
m9) researchers in this field, and perhaps if you're 

Ie looking to establish if there is any controversy 

24) I could say no. 

25 Q Controversy with whom? 
26. A Are we in oleeee terrane ce 
7 that, I would say by and large we are in agreement, 
28 and :-- 

23 Q Yes. Well what do you 


30 understand the author to mean then by an open system 
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pingo? | 


A I understand it to mean a 





ground icing phenomena. 

Q I take it if the author 
were to refer to something other than a ground icing, | 
you would not be able to comment on his observation? 

A I believe he also comments | 
On river Acings. 

Q Well do I understand that 


-- let me ask it more directly. What do you understand 





this problem refers to? 
A Drainage on slopes. 
Q And you don't see anything 


particular about this problem that is not directly 





dealt with in the icing question? | 

A The drainage on slopes 
involves more than icings, yes. 

Q fen"t 1t conceivable that 
these pingos could form on the interior route near | 
your pipeline? | 

A ft"s conceivable that they 
could form near our pipeline, yes. 


Q Well has any observation 





Or any report been made about the potential effect 
of the -- of pingos like the 500 which have been 
mapped? 

A Relative to the pipeline, 
you're talking about? 

Q Or to environmental 


concerns? 
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A Yes, we have discussed 
the implication of pingos on the pipeline, and I've 
heard discussions with others, with Dr. MacKay, and 
we don't view pingos as being a problem. 

Q Well, the author of this 
report flags the desirability of further study in | 
connection with chilled gas pipeline installation , 
and what I'm asking is, has that study been done as 
far as you know, and can you refer us to it? 


WITNESS MORGENSTERN: 





A As I understand his concern 
he draws attention to the development of ground ice 
features, the open system pingo, when you have flow 
on slopes being impeded by freezing fronts, and this 


is the situation that the pipeline creates for 





example along the Norman range, and that the 
phenomenum of an open system pingo leads him to the 
concern for developing icing features in ground water | 
flow systems. 
in thiserégard;7rDr.. Clark's 
people have qarried out studies, are carrying out 
studies where ground water emissions occur and where 
the mechanics of open system pingo growth might be 
generated by the pipeline, and are putting together 
studies of drainage and so on that would reduce this 


problem. 





Q Yes. Well are any of 
those studies available to us, or is it again a 


problembf their being underway and not at hand? 
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WITNESS CLARK: 

A leis,pant of .thesoverall 
study that I've described. 

Q Noprbutifatakeiitmthat 
the answer to the question indicates that there is 
some study underway? 


Absolutely, yes. 








A 

Q Is that correct? 

A That’ sreorrect. 

Q Yes. I take it that there 
is no study presently available? 

A There is no report presentl 
available. 

Q Well now, Dr. Clark, the 
solution proposed for this ground water problem and 
its various manifestations is, as you have said, 


at page 2729 of the transcript, installation of a 


in essence, correct? 


A mats (correct. 

Q Now, I take it that this 
isa geenotatojcriticize- atlas: acmatter: of principle, 
that this is a novel and unusual design, never 


before done under these circumstances? 

A’ I guess I could be accused 
of saying that I'm giving a further glimpse of the 
obvious if I say that we haven't put in chilled pipe- 
lines under any rivers in the north. 

Q And you're aware of no 


case in which this solution has, in fact, been tested 





culvert insulated across the frost bulb. Is that 
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on the ground? 

A Well, the solution of 
Carrying water through frozen ground has been tested 
in many cases, has been used practically in many cases 
for years and years. 

Q Well, have you any reports 
or studies that show, or any geothermal work available 
to us, that show that these culverts will do the job 
in the contet in which they are presented here? 

A There are a number of 
reports available in the literature on insulated 
pipes in frozen ground. I could provide you with 
some references on that. 

Q Well, I would be grateful 
-- I would be grateful, not particularly for works 
on insulated culverts in frozen ground, but I'm 
interested in insulated culvert work that may have 
been done or papers that may have been written that 
relate to the solution that is proposed for this 
particular problem. Is there anything of that type? 

A No, I don't believe that 
the elements that go into this solution, there are 
Rapers relating to each of the elements. 

Q Well, let me ask you some 
questions that occur to me. How are you going to 
select the proper culvert size? 

A That would be selected on 
the basis of what quantity of water it was necessary 
to carry, at what velocity it was necessary to 


carry, and so on. Selections of culvert size I think 
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is a fairly straightforward thing. 


| 

Q How are you going to find | 

out those things? 
A This would be, I believe, 

revealed by the types of studies that we are doing. | 

Final design detail pre@licts that. | 

Q Well, do I understand then | 
that you are presently doing studies that will reveal 
that matter, will reveal that information with respect 
to every crossing on the Yukon slope? 

A We understand, first of 
all, permeability. We have information on where icing 
occur naturally. We have information on where fish 
over winter, the types of studies that we are doing 
are to locate this as precisely as possible the 


aquifers during winter and summer field work programs. 


We -I think, have identified 





all the elements necessary to go into the solution, 
and it's simply a matter of carrying on. 

Q Well, wouldn't you agree 
that different sizes of culvert are going to be re- 
quired, depending on the site situation? 

A Not necessarily, it's a 
matter of size and frequency, different spacing of 
the same size might be used. That could be the more 
common feature. 

Q Well when you say might be 
used, what do you mean? 

A ane a very small 


area, then a very small amount of water would use one 
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1 culvert. We might use them every 10 feet in other 
9 places, the same size. 
3 Q Well is it intended that 
4 the construction superintendent, when he comes to the 
5 river, should decide this question? | 
6 | A Absolutely not. 
7 Q And therefore I take it 
8 that the dimensions of all these problems are going 
9 to be mapped and those determinations made well in 
10 advance? 
ll A That's certainly our 
1 Icent, 
13 Q Yes. Now, how will the 
14 culvert be placed in relation to the pipeline? 
a5 A Above it. 
eG Q Ln e@Very (Caser., 
17 A AC Ents point in time, 
18 that's what we conceive but I couldn't say for sure 
19 until we got the final design detail. 
20 Q Is the culvert going to 
al have any granular material in it? 
22 A That's again a final 
23 design detail I wouldn't anticipate that it would. 
24 Q You wouldn't anticipate 
25 that it would? 
26 A Not at. this. point. 
27 Q How are you going to 
28 handle the culvert inlet and outlet? Aren't those 
29 the key areas? 


30 A Yes. 
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1 Q How are you going to handle 
4 that? 
3 A In a conventional manner. 
4 Q Well, what's the convent- | 
5 ional manner? I'm not party to these conventions. 
6 A Perforated pipes, for 
7 instance. 
8 THE COMMISSIONER: I'm sorry, 
9 what did you say? 
10 A Perforated pipes with 
Li holes in. The handling of ground water in drainage 
2 systems and so on use all these techniques? 
13 MRan SCOTT 
14 Q That's an extension of 
15 the pipe, is it not, with a lot of holes into which 


the water will seep or flow? ‘ 





A Yes. 

Q The same thing at the 
outlet? 

A That would be a final 


detail that we would look at, I couldn't give that 
information for sure now. 

Q Well el -apee, Chat it may 
Bberaatinal cetali, but wt is crucial, isn’t it, 
because if those two details aren't fully understood 
and worked out, the drainage system won't operate, 
Willett? 

A If we get water in, we have 
to get it out. 


Q Yes, and you have to get 
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1 LeEsouce 

% A Yes, indeed. 

34. THE COMMISSIONER: When you 

4 Say inlet and outlet, do you mean an inlet and outlet 
5 above the surface of the ground or -- 

6 A No, no,, yet would be 

| entirely below the bed of the river. 

8 Q Well inlet and outlet 

9 refer to the sections of the culvert on either side 
10 of the frost bulb? 

2: A Yes. Perhaps sir, if I 

ye could -- I know you're going to refer to your drawing. 
3 I've got another one -- can I take advantage of the 
14 Same process here and put one up that will show what 
Ue I'm talking about? 

16 ‘ 
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The inlet and outlet is, of course, conceptionalized 
here, it shows the concept -- the upper diagram there 
shows a situation where you have a very deep gravel 
bed with a substantial flow. We have shown the dis- 


tortion of the frost bulb; thatiwould toccur,.in sthat 


case where the frost bulb wouldn't cut off the river 





We wouldn't put in a pipe, the water would flow around 





ty In the case of very shallow gravel bed where 

we would cut off the water, then you can see we've 
extended, which I reluctantly refer to as the Templeton 
Wall, but we've extended it down into the impermeable 
layer below and have carried the water through the 
upper part of the frost bulb. Again its relation to 


the pipe there throughout is purely conceptual. 





Q Well, uwDrweClarkys an 
both those examples there is no frost penetration 


below the river bed, is there? 





A The bottom of the blue, 
you would be quite free to assume that that's into 
the river bed. 

Q Well, what concerns me 
is that is there in every case going to be room for 
the pipe if the frost penetration comes down to there, 
you are not going to have much space unless it runs 
right through the gas pipe itself. 


A We would go down deeper 





in that circumstance. 
Q Bury deeper? 


A Oh yes, the depth of 
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1 

2 burial will be dependent upon the natural frost 

3 penetration, and of course as the frost goes naturally 
4 through the bed itself, then we're not cutting off 

) anything. You'll agree with me there. 

6 Q No, I didn't understand 
7 your observation. 

8 A If theblue extended 


right down to that impermeable barrier with no pipeline 
then we're not dealing with a problem. 

THE COMMISSIONER: Then you 
haven't changed anything? 

A We haven't changed 
anything there, no. 

MR arS.COMier Weil lymow7,) ethink 
itive Obvious, isn't) it; that thike resolution of the 
problem calls for a great -- a large variety of 
responses that can only be determined on the site. 

A I don't believe that's 
obvious at all. 

WITNESS HARDY:- I think, Mr. 
Scott, to put this in its proper context, there is 
nothing new on this project as far as putting in 
culverts as an installation is concerned. Every time 
you build a railroad or a highway, you see, you have 
the same problem, and there are books such as you 
have by the same author, Charlie Neal, you see, that 
deal with culverts, culver t design. What is different 
on this project are some of these special freezing 


effects so that the problem here becomes simply a 
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«? 


detail that is added to the conventional design of 
culvert systems on a project such as this, ora are 


or a highway. 
WITNESS CLARK: I didn't mean 


also to eliminate entirely the necessity for good 





sense and good judgment during construction. 

Q What is the anticipated 
life of the culvert pipe? 

A Life of the pipeline. 

It better be, hadn't it. 

A Tears they will both 
have a long and healthy life. 

Q If something should 
happen and it gets blocked up, whatare you going to do? 


A Well, the first thing 





we'd do is we would have an indication that it's 





blocked up, and it would be replaced. 
WITNESS HARDY: That is a 
standard maintenance problem, of course, blockage of 


the culverts. 


THE COMMISSIONER: May I 
ask a question? The drawing, Dr. Clark, shows the 
culvert passing through the frost bulb, and the pipe- 
line, that white dot, is four feet in diameter. Was 
that supposed to be the scale, does it mean the 


culvert would be the same size as the pipeline? 





WITNESS CLARK: No, no sir. 
That is just conceptual. The culvert could be six 


inches to 18 inches in size, I would think. 
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MR: SCOTT BOth Drv* Clark 
and I have chosen our own scales in presenting our 
drawings. 

THE COMMISSIONER: Well, his 
is colored. 

MR. SCOTT: The red of the 
bulb looks ominously like the red that is associated 
with the maple leaf route. I think the drawings 
will be used by either applicant in due course, except 
the maple leaf won't require this particular problem 


to be solved. 


WITNESS CLARK: The colors 
were chosen by geologists. They have a special feelin 
for color. ‘ 

MR. SCOTT: They are not 
remote from politics either, that's my observation. 

MR. GENEST: The frost bulb 
will be maple leaf shaped. 

MR. SCOTT: Well, are there 
any detailed criteria established for deciding at 
which stream crossings you're going to put these 
culverts? 

A No, there would be 
a number of elements to go into that. Our first 
consideration has to be how it would affect the 
environment, because we don't see it as really affect- 
ing the integrity of the pipeline. 


Q Well, to use a phrase 
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that is common, is there any methodology devised for 
establishing these criteria? 

A I would say yes, we 
have, I think, a well-conceived program that will 


establish the criteria. 


Q Are there any details 
of it available for us? 

A No,| what I could -- we 
have for instance a study of the geophysical applica- 
tions to the pipeline in its entirety under way, and 
a report on that will be prepared if we're on schedule 
within a few weeks. The intent there is to outline 
the methods that would be used in these situations 
to further define the areas from a physical point 
of view. The fish biologists, of course, are inputting 
their information on that aspect of the environment. 
The river engineers input their information on the 
potential impact of icings, for Pa pando on shifting 
flow for lateral scour. So all of these put together, 
I think, will establish a rational method of design. 

Q Well, I take it that 
the pipe that runs across, the drainage pipe is going 
to be installed at the same time as the pipeline. 

A NG; *it"will follow” the 
pipeline. 

Q Well, how long will it 
follow the pipeline? 

A After the pipeline is 


in place. 
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Cross-Exam by Scott | 


Q NOw~ Dut sus st wong to 
be put in the same -- 

A The same construction 
period. It's my intent now, would be that it would 
be put in during the same construction season but I 
don't believe it would be essential, it has to be 
put in before the line goes into operation. It may 
prove the logistics of things may prove that it's 
better to put it in the following season. Lecoulan’ t 
speculate on that. 

Q It clearly has to be put 
in, in every case, if it's to be remedial, before the 
pipe is chilled. 

A Thats right. 

Q Yes, becausé if it isn't 
you won't have any fish in the classic case where it's 
required. 

A Tithinkythatis not a 
correct observation. 

THE COMMISSIONER: May I 
stop you both for a minute? You were talking about 
a culvert a minute ago. Now you're talking about 
a drainage pipe. 

MR. SCOTT: Well, I've used 
drainage pipe; I think culvert is the word Dr. Clark 
has used. 

THE COMMISSIONER: You're stil 
on the same thing? 


WITNESS CLARK: Yes sir. 
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Hardy ,Williams 

1 Cross-Exam by Scott 

Z MR. SCOTT: Well,let's take 

3 this example where the pipe is installed and chilled 

: in a river bed and it is decided for some reason not 

> to put the culvert or drainage pipe in till the follow- 
: ing year after chilling. How are you in a position 

1 to guarantee that the fish that winter in those pools 

, won't be killed? 

oe A Well, we would never 

19 gamble on that. There are two, if you like, theories, 
as as to where the water that keeps the over-wintering 
area open comes from. One is that it comes from very 
+? deep springs. Qur own feeling is, and our planning now 
oi is that it comes in shallow aquifers. We have made 

- a conservative assumption, that assumption being that 
oh we will affect the fish and therefore we will put 
as these in at the timeof the construction. In fact, all 
ee of our drainage and erosion control methods, the cost 
ee benefit of putting it in when you're there so far 
a exceeds coming back and doing it later that we wouldn't 
ac gamble. 
ae Q The environmental 

a? bénefits may be identical in that case. 
ae A I think in Many cases 

~ they go hand in hand. 

“6 Q In any event, that is 

of dub expressed intention? 

ay A Yes sir. 
a Q Dr. Cooper, is the pipe- 
30 


line going to cross any areas where there are natural 
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icings or will be natural icings at the time of 
construction? 
WITNESS COOPER: Yes, there 
could be some natural icings at the time of construction. 


Q Yes, and indeed I think 


on some of the maps, natural icings are shown at the 





point where the pipeline crosses. 

A This may well be. 

Q Just for the purposes 
of the record I refer to the maps in your water 


avatlaviiity study of May, L9/3. lowon t trouble to 


put them in now. How is this problem going to be 
handled? 
A From a construction 
viewpoint? | 
Q Well, how are you going 


to handle the drainage? 

A Well, I'd have to ask 
Mr. Williams on that construction. 

Q Here is the situation, 
the pipe is in the course of construction, and it 
is going through an existing natural icing. The 
icing is there, and the pipeline construction crew 
is coming to it. How is that problem going to be 
dealt with? As a draining problem and as a problem 
of maintaining the life of the fish who may water in 
adjacent pools. 

WITNESS CLARK: But’ the 


line isn't being chilled, sir. 
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Hardy ,Williams 
1 Cross-Exam by Scott 
2 The icing would be identified well ahead of the pata | 
3 tion. 
4 Q NO; Dut isn tathe ditch 
5 going to fill with water as you dig the ditch across 
6 the natural Wcing,, 1sn't 2 going) to fil}-with water 
7 and drain the adjacent pools? 
8 A Oh. 
9 Q You. Ll get. chay ae 
10 LUNCDe a VOUr LL sUStenave tO pick It Pup. 
17. A There's no way that that 
i2 pool could be supporting fish, if there wasn't water 
13 in there. 
14 Q I understand -- 
15 A The ditch is not going 
16 to drain a pool. We're going down below:this river, | 
17 we have a low point there, with water all around. | 
18 The ditch fills with water much the same as it does in 
19 downtown areas where we drill through water all the 
20 time. 
24 Q Well, let's be realistic 
Z2 for va moment. §“Isn't 10 perfectly clear, Dr. Clark, 
23 that in that situation where you have to proceed 
24 through a natural icing, it may not be of great 
25 consequence but pools are going to be drained and 
26: fish may die. It may not be the end of the world, 
27 there may be other fish. 
28 A I cannot conceive that 
29 | happening. 


30 Q No risk? 
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Cross-Exam by Scott 


A No risk absolutely 
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Q And I take it that your 


general proposition is that there is no risk with 


| 
respect to any of these -- with respect to this | 
solution? | 
A I don't believe there's Hs 

in the sense that you're using it. 


Q Well now I would just like 
to ask Dr. cooper one or two questions if I could 
before the break, Mr. Commissioner, that arose out of 
his answers the other day. 

Dr. Cooper, you said on Tuesday 
that the 100 year flood of the Mackenzie River could 
be determined adequately, based on 25 years of record? 

WITNESS COOPER: 


A I believe if my memory 





serves me sright,. 125 tor35 ingmy opinion..3¢ 

Q Yes, and I think you said 
that 35 to 50 years of data would be adequate for all 
other rivers on this project? 


A They would be adequate if 


MR. GENEST: Have you got the 
transcript, Mr. Scott? 

MR. SCOTT: Yes, I have, page 
3068. Now you haven't got the transcript. 

Volume 25, Mr. Commissioner, 

beginning at line 15, Question: 

"Well, just so I understand 

for later purposes, is it your proposition 


that you can obtain a reliable estimate of 
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the 100 year flood after 25 years of 
observation on the Mackenzie Valley -- 
on the Mackenzie River? 

A Yes, it's my opinion 
that 25 years on the Mackenzie River is 
adequate. On a lot of other rivers I'd 


say no to that. 





Q What's required on 
other rivers that are within the ambit 
of this project? 
A I would say 35 to 
30%. 
A That"s-correct, and I 
meant that in reference to if we would use a 100 
year flood that was based on historical records. | 
Q Yes. And would you agree | 
| 


that the true 100 year flood cannot be determined, 





and I mean the true 100 year flood can't be determined 
without an infinite number of years? 

A Phat 4s. Correcc’ 

Q Yes. And obviously one's 
estimate , one's approach or estimate towards the 
wrue~L00¥Vyear FilcodPbecomes better the longer the 
record of observation goes on? 

A That's correct, Sir. 

Q Yes, and that although 
you can never know, because we don't have infinity 
available, that your estimate is right, you_do in 
fact compute the chances of being right? 


A That can be done, sir. 
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Q Yes. Well now, you said 





that 25 years on the Mackenzie River is adequate. I 


want\to get a little clearer what is contemplated by 


the word adequate, and would you agree with me that 
plus or minus 20 percent would be adequate? 

A I haven't done the stat- | 
istical analysis that would be required to -- for me ! 
to quote a figure like that. 

Q Well -- are you able to 


quote any figure as to what adequate means in your 


answer? Is it 25, have I got it wrong? What is the 


A 25 what? 


Q Plus or minus? 





A There would be a plus or 
minus, there would be a plus or minus value associated 
with that, yes. | 

Q All right. Well now, can 
you give us your judgment, I understand you haven't 
thought about it, about what that figure would be. 
is.16 20, is it 25,. what i1s*tiee 
- Sudgment A Sir, cant give you that 
/ without doing the analysis. 

Q Well then what did you mean 
by adequate? 

A Well what I would -- what 
I meant by it is I believe with 25 years of record, 
we can pre@iict a 100 year flood on the Mackenzie 


River, and of course we would design taking into 


account higher flows where necessary. 
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l I do not =-- like if the integrit 
2 of the pipeline was based on our 100 year estimate, I 

4 wouldn't accept that as being satisfactory, I would 

4 want to look at higher flows as well. | 
5 Q But in prediding this, you | 





have said that 25 years' observation is adequate. 


Now, obviously you agree with me that it's not per- 
fect? 

Nae Noy ilOcertainky Vit Aisn*t 
perfect. 

Q All right. Well, what is 
the margin of error that is acceptable to you in the 


determination of adequate? 





A I'm having a little trouble 
getting your question, what you're driving at. 

Q Well you're predicting, 
or in determining the 100 year flood, you're predictin 
the maximum flood that will occur in a period of time 
that you and I, unless we are unlucky we're not going 


to be around to observe? 


A No sir, we're not doing 
that. 

Q What are you doing? 

A We are predicting an ex- 


treme flood event that we're using for purposes of 
preliminary design. 

Q Well over the weekend, 
can you determine the margin of error that you 
contemplate when you say a 25 year observation is 


adequate? 
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A Certanly. 

Q Thank you. 

We can take a break now, Mr. 
Commissioner. I'm moving onto a new subject. 

THE COMMISSIONER: Well this 
is a coffee break without coffee then. 

MR. SCOTT: Oh well then,don't 
bother, I can go ahead. 

THE COMMISSIONER: We will let 
you know as soon as it arrives. 

MR. oCOTT.: 

Q Dr. Morgenstern, I want 
to turn to some questions that relate to unstable 
slopes. I gather first of all it would not be going 
too far to say that the issues inherent in the 


analysis of slope stability or instability, and 


OO 


this isn't intended to be pejorative, but is really 


an art that relies on very precise and thorough and 


calculated sudgnene. 

WITNESS MORGENSTERN: 

A It relies, certainly to 
some degree on experience. 

Q Yes. And would you agree 
that with respect to slope stability problems in 
permafrost areas, the level of experienc le to which 
low? 

A Yes. Well less. 

Q Now, in your evidence at 


youve referred, is compared to other matters, relativel 
-- I don't know the volume number, but at page 2346, | 
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Cr, axa "ly eccoUct 
-- it's Volume XX, Mr. Genest. 2346, you began by 
referring to a number of studies done by government, 
universities, industries and the applicant. 

A Yes. 


Q You observed that while 


these studies were not in anticipation coordinated, 


the result has been that they have been as we can see, 
complementary, and a whole view has developed? 

A Yes. 

Q Yes, and then you went on 
to say they, meaning the studies, I presume of the 
various types, have led to a clear understanding of 
where land slides occur in permafrost terrain, how 
to calculate the likelihood of their occurrence, and 
how to design stabilization measures to prevent or 
inhibit them, and it's the purpose of my presentation 
now to illustrate some of the findings that have 
brought us to this position of clear understanding? 

A Yes. 

Q Well now, I got the impress- 
ion from that that the uncertainties have now been 
overcome in this area, is that correct? 

A With regardto establishing 
safe acceptable designs, yes, that's my view. 

Q Is there any realm of 
uncertainty left in respect of slope instability or 
its solutions? 

A In terms of evaluating 
input data, there will always be uncertainty with 


regard to knowing precisely the soil properties, and 
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1 more specifically with regard to permafrost terrain, 
2 precisely the groond ice configuration. 
3 Q Are there any other uncer- 
4 tainties in this discipline at all, or is everything 
5 else now decided? 
6 || A There's an element of un- 
| certainty about the rate of advance of the thaw 
8 Pron, 
9 Q I'm sorry? 
10, A There's an element of 
Is}: uncertainty about the rate of advance of the thaw 
12 front. 
Js3 Q Yes. So we have those 
14 three elements about which there is, as you put it, 
5 a range of uncertainty, in your ability to observe, 
16 I take it that's what you're talking about, is it? 
dy7 A To know in detail. 
18 Q To know in detail? 
LS A Yes. 
20 Q Are there any other uncer- 
21: tainties that exist in this art of combined experience 
22 and judgment? 
23 ? A Well --. 
24 Q No? 
25 | A Perhaps, these are the 
6. most important ones. 
Pon | Q Well, I would be grateful 
28 toknow if there are any others in your view,as one 
29 of the leading men in the field. 
30 A These I think are the main 


































~reom reno vie xed. (Ass 
eringyiove ai vo ,fls ds enifigioelb aida ab nolsaaee 
ss Shsbkveb won sels 

i i! dchinlaat ot ouset Rin on ii ain. ae 
Wht ne v0 sore to: ann ot ine yndaiae | 

“a “eile ee ttox2 


Cystoe mT 9 


| 
| 


io tnamele ts a'sred? = A 
wed odd to sunsvbs to stea adt Jwods yoatssieony 
 ostaost 
seondt oven ow 08 ,.29¥ Q. Hs & > Gee 
id. dua woy 265 , 8k sists iotdw deeds adtomels gexdd 
| avaeedo of Ywifids as0y ah \yiekeseeead Go spasaes 
| Si ei ,dvods vabNied ox 'woy datw e' tags 31 east + 
. Lieseb ni word oF A. > Cel. tie 
Slisxeb ct wordt of | 9 iv » Obie te 
sesy A | 
-ysonu ~edto-yne stent oA Q 
sonetisqxe Bemidnos to ld zidd ak teixe geds aoliated’ 


a _ Staempbut bas 


ain 





~~ tie A FI 
a) ue Set . 
edt oxgvonedt ,aqaitied =A 
Ks ~ =) eano 


isitsaissp sd Bluow r i Low Q : 


eno 26,Wolv xvoy at exento yne sxe 4 





3504 | 


ALLWEST REPORTING Lib. clark, Hollingshead, McRoberts, 
ee Slusarchuk, Morgenstern, Cooper, 


HArdy, Williams 
Cru bxam.e by; SCott 

















l ones. 
2 Q Yes. Are there any 

3 uncertainties left to us in the design or application | 
4 of solutions? Both in the laboratory and on the 

5 ground? 

6 A We can establish safe | 
3) solutions. | 
3 Q No uncertainties inherent 

9 in that? 

10 A Other than to the degree 

ll that we'we already admitted that uncertainty exists 

ioe in knowing ground conditions. 

13 | Q No other uncertainties 

14 apart from the ones you've referred to, therefore? 

15 I mean this is my for once and | 
v6 for all opportunity to ask questions, I want to be | 
1 sure I have them all. | 
18 A Yes, yes. 
19 Q No others? 
20 A None come to my mind at this 
Zr time. 
22 
23 
24 
25 

26) 
23 
28 ‘ 

29 
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Q Well now, in a graph or 
chart that you made available, you demonstrated that 
not more than 2 to 3% of the pipeline route exhibits 


potential instability on the basis of conventional 


criteria. Do you remember that? 


A On the basis of the 
criteria that we have adopted for establishing, 


selecting these slopes, yes. 


Q Well now, I've worked 
that out -- 

A Conservative criteria, 
not conventional. 

Q I've worked that out 


and it comes to roughly 25 miles of route exhibiting 


potential instability, would that sound about right? 


A Yes. 
QO Yes. 
A Classified as. 


Q And of the 686 slopes 
that have been catalogued,’ I think it's obvious, is 
it not, that a very substantial number of them are 


short slopes scattered along the route. 


A Yes. 

Q Yes, so that our 25 
| 
miles or whatever it is, breaks down into -- there 


are obviously some big ones, but a number of short 
slopes that are scattered at various places. 
A Yes. 


Q And I suggest to you 
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1 

< that your observations make it clear that many, if 

3 not most of those slopes, are or do occur on valley 

4 walls and river banks, and other like areas. 

5 A Yes. 

6 Q And you would agree 

7 with me that those are areas of substantial environmen 
8 tal concern, generally speaking. 

2. A Yes. 

10 Q Well now, when you were 
11 talking about slope stability and slope failures I 

fe take it that you're talking about what I would 
13 normally call landslides and mudslides. 
14 A Yes. 

15 Q Yes, and these slides 

16 involve, I think as you told us, a range of materials 
1? that run all the way from soft clays to rocks. Hard 
18 LOCK. 
19 A Yes, in the conventional 
20 sense. My presentation was addressed to landslides 
21 in permafrost, ground ice problems. 
22 Q And that these failures 
23 just so I understand it, are gravity forces. 
. A Yes, except when 

oe exaggerated by earthquakes. : 

26" Q And I take it that what 
a we have not been talking about in your exposition is 
ze erosion by running water. | 

a A Yes. 

30 


Q And we've not been talking 
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about water-eroded gullies and that sort of thing. 

A That, seright. 

Q Yes, now I take it from 
what you've said that you would agree, however, that 
in addition to the cases that you have discussed and 
analyzed, many slope instability problems owe their 
existence to a combined effect of water erosion and 
slope failure. 

A Problems of transport 
of sediment owe their effect to a combination of 
these two, yes. 

THE COMMISSIONER: Excuse me, 
problems of transport? 

A Yes, I was rephrasing 
slope stability to me,a problem of slope stability 
to me is a problem involving gravity forces, the 
sheering of soils and so forth; whereas a problem 
of slope stability might be generally interpreted 
as one concerned with the movement of the sediment 
as well, here the erosion moving over a slope so 
that the transport of sediment might be due to the 
breakup of the ground, and then running water coming 
over the sliding mass. So that the slope problem 
might be a sediment transport problem as opposed to 
a mass sheering problem. Is that helpful? 

Q I'm not -- forgive 
me, I'm not quite with you. I understand it when you 
say that the slope may sheer. 


A Yes. 
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Q And the toe of the slope 
presumably certainly in open water, if you're talking 
about a river crossing, or a stream crossing, is 
likely to be transported downstream. Now I take it 
that you were talking about instability in slopes 
unconnected with river or stream crossings. 


A Yes. Mr. Scott asked 


m¢ "Are slope problems not due to a combination of 


both gravity forces and river erosion?" 

And I changed the terminology 
to say that the problenBésults from a combination of 
these things is the movement of Sea irent in the 
water course. Slope problem in my terms just 
is due to the gravity forces. 

MR SCOTLA. O. Buti ts. a 
matter of general observation that the kind of pro- 
blems, gravity problems that you've been discussing 
and showing and exposing for us are frequently connec- 
ted with water or frequently seen with water erosion 


problems. 


A Yes. 
Q And it wasn't your 
intention to deal with the -- in that exposition -- 


to deal with the water erosion case, if i can put it 
that way. 

A Liat esicL.ght.. 

Q You were dealing with 
gravity problems. 


A YES. 
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Cross-Exam by Scott 


MR. GENEST: May I interrupt, 
Mr. Commissioner? Just to clear my mind, is Mr. 
Scott talking about a bank erosion by a water course 
or is he talking about erosion down the right-of- | 
way? | 


MR. SCOTT: As I read Dr. 





Morgenstern's evidence, I suppose it's a tribute 

to him to say that it's sufficiently clear to say that 
even I was able, with minimal assistance, to compre- 
hend it. But I understood him to be saying that 

the forces that he was analyzing for us were gravity 
forces, and not water erosion forces. I have that 
correct, have I, Dr. Morgenstern? 

WITNESS MORGENSTERN: Yes. 

MR. GENEST: But water erosion 
bya water course, by a river, by a stream? 

MR. SCOTT: Water erosion we 
will just have to leave it there, wherever it is 
Occurring. 

Q Bute letake at, .tO.(goO 
back just one step, it is a matter of observation that 
water erosion is a problem that is foun _d from time 
to time associated with the gravity slides that you 
were dealing with. 

A Yes. 

THE COMMISSIONER: Well, I 
think we're ready for coffee. We'll break for a 
few minutes. 


(PROCEEDINGS ADJOURNED FOR FEW MINUTES) 
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(PROCEEDINGS RESUMED PURSUANT TO ADJOURNMENT) 


MR. pSCoTte 

Q Dr. Morgenstern, I take it 
that as a matter of general observation, we can say 
that some slopes are unstable in their natural state, 
and some slopes may become unstable as a result of 
changes effected by man? 

WITNESS MORGENSTERN: 

A Yes. 

Q Now, I would like to deal 
just for a moment with the prediction of slope failure, 
and I take it that the prediction of slope falure is 
the first place at which you must start in attempting 
to approach the kind of problems that confront you 
with the Mackenzie Valley pipeliné 

A Yes. 

Q Now, you referred and I only 
bring it up again with some temerity to C sub V 
and = don't want to get inttdtyibut) edt itakexit) that 
thattciemones of the critical factors in what is called 
the quantitative analysis of the hazard of one type 
of slope failure? 

A It's an important parameter. 

Q Yes. And it is therefore 
an important -- the quantitative analysis of which it 
is a part, is essential to determine the factor of 
safety? 


é A It's an important guide in 
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1 our total design of slopes, yes. 

2 Q Yes. And that generally 

3 speaking in permafrost terrain, some kinds of potential 
4 failure can presently be predited in quantitative 

5 terms? That is, by the application of formula? 
6 A Yes. | 
7 Q Yes, and that on the other | 
8 hand, there are other potential failures in permafrost 
9 terrain that can presently be only interpreted 

iy ' qualitatively? 

ut A Yes. 

A Q And a qualitative inter- 

3 pretation is a description in words of the process, 

14 rather than a formula? 

15 A Yes, though formulae may 

16 betused ato cassist toursinterpréetation: ; 

17 Q And would it; be correct to 
18 say that the elements of these analyses that are 

19 peculiar to permafrost areas, have been developed 
20 only recently, that is fin ythe Glasitsiive tyears? 
yn A The quantitative components 
22 the formulae. 

a3 : Q Yes. Iobserve, for example, 


that in the literature attached to the canned evidence, 
with one or two exceptions, some of which don't deal 
with permafrost, the permafrost slope instability 
literature, I will say nothing about the authors, is 
really 1971-1974. 

A Yes, to a large degree. 


Q Yes. And I think you would 
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perhaps agree that as yet there has been relatively 


limited experience in applying than in the actual 
field situations’ 

A The prediction of instabilit 
has,perhaps I should say that only a few people have 
much experience. 

Q And even those are, and I 
look at two of them, even those -- the literature 
relates to the last three or four years? 

A Yes. 

Q Yes. Well I agree, Dr. 
Hardy, that you don't havelto write it down to know it, 
but it certainly proves it. 

THE COMMISSIONER: There was a 
man here during the first week of the overview that 


made that clam. He was from Fort Norman,:'I think it 





was. 

MR. SCOTT: 

Q But as compared with other 
kinds of slope instability problems, I take it that 
there is no doubt that the experience in permafrost 
terrain is much more limited? 

A It's more than -- I think 
one draws on the experience in other terrains as well, 
of course. 

Q And would you also agree 
that the magnitude of some of the input parameters 
in actual field situations, has been relatively 
little known? 


A No, the new -- there are 
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two novel aspects, that come first to mind, 
have to do with the evaluation of melting processes, 


and the identification of ground ice forms. 


— 





The evaluation of melting pro- 
cesses, the thermal aspects of this problem, we feel 
are well in hand. The evaluation of ground ice is 
something that we always wish we could do better. — 

Q I ask you though if the 
Magnitude of some of the input parameters is little 
known, in field situations? 

MR. GENEST: I don't understand 
that question, the magnitude of the parameters? 

MR. SCOTT: Well, maybe Dr. 
bigbndteen would, andif he agrees, he can explain it. 

A If we wfer to say, the | 
formulae that we use, Cees ome V, : . | 
and other soil parameters, we feel that we can ane 
them on a conservative basis. While we may not know 
them precisely, we know their bounds quite well. 

Q Yes. I asked that question, 
and perhaps I, like Mr. Genest, I don't understand it 
in its entirety, and I refer to a paper of yours and 
Dr. McRoberts called the "Stability of Thawing 
Slopes" in the Canadian Geotechnical Journal for Novem- 
ber, 1974, where at -- I want to file this as an 
exhibit -- where at page 465 you say, 

"Little is known concerning 

the insight to magnitudes of these parameters 
and the role of cycles of freeze and thaw 


in affecting these parameters", 
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and I take it that there's no doubt about that? 

A That is true. 

Q Yes. You then go on, 
further down the page to say this, and I quote: 
"The shortage of well 


documented field case records of thaw in- 


duced instability is obvious, and research 
into the insitu properties of a fine 
slope,coupled with excess pore pressures 
will certainly be of great value". 
A Yes. 
Q Yes. Also in that paper 
at page 466, you are talking about bimodal flows 
which is one of the flows that you described with 


the assistance of diagrams and photographs, is that | 





not correct, 
A Yes. | 
Q And you are dealing with, 
and I think you told us that a bimodal flow, and fers 
dangerous for me to try to synthesize, had at least 
two movements, one outjin the direction of the valley 
or in the direction of gravity, and one back which 


was called an ablation? 


A Yes, in the headward 
directions, yes. 

Q i'm sorry) lL .didn 't:=- 

A In a headward direction. 

Q In a headwarddirection? 

A An ablating back scarp. 
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7 Q In this paper at page 
3 466, the second column, you begin in your words, 
B "To briefly consider the 
4 range of processes involved", 


5 and I have to tell you that you were talking about 


6 bimodal flows. 
7 ; A Yes. 
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Q And you say in the second 
paragraph on that page: 
"A simple solution for the rate of ablation," 
and that's the movement back toward the head, is 
that correct? 


A That's correct. 





Q 
"A simple solution for the rate of ablation 
has been presented which, in conjunction with 
observed oblation rates, yields a prediction 
of the heat flux available for melting. 
Aithough there are no reported measurements 
of the actual radiation impinging on abkaling 
scarp, it is encouraging to be able to model 
the failure mechanism." : 


I take it there's nothing disputatious in that 


paragraph? 

A When it was written, 
that's correct. 

Q Is there any doubt 
about it now? 

A There are measurements. 

Q Yes. 


itis unlikely thate such a*prot-= 
oh, you may anticipate to what I'm going to refer. 

"It is unlikely that such a process could 

be tolerated in the vicinity of any engineer- 

ing work, and if a bi-model flow is initiated, 


it will have to be stabilized immediately, 
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LE 
- possibly by covering with insulation." 
3 Is there anything wrong about that? 
4 | A No. 
5 : Q No. Well now, let me 
6 deal if I can for a moment with preventative stabiliz- | 
7 ation. I understand the analysis to which you eerer aay 
8 in yoir evidence was designed to provide either by 
9 formula or by analysis of the process, a prediction 
10 of the hazards? 
11 A Yes. 
Te Q Now I take it that 
13 having identified or predicted a slope which is 
. hazardous or unstable, the preferable course is to 
rs 


prevent failure rather than to allow the hazard to 


ae actually occur and then take cleanup measures £ 


ay A Dial (cases, except 
wheh the failure is induced by the maximum probable 
19 earthquake. 
Q Could you expand on 
ev that exceptional category for me? 
og A Where shallow failure 
da -- this is not failure of the pipe, it's failure along 
eo the right-of-way -- can be shown to occur when the 
Zt very, very large Pee ect one that we adopt for 
> our maximum probable earthquake are used in the 
a3 analysis, it's my view that we should accept these 
a shallow failures and treat them as a remedial work. 
te The alternative would be to employ these very conser- 
ae vative criteria at the outset and set about implement- 
30 


ing the remedial works. This would,in itself,induce 
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2 environmental change and of course add to cost, and | 
3 we would be exchanging reality which would be these 
4 sandwiches, berms and various things, which would 
3 be an intrusion, for a statistical improbability. So 
6 in that exceptional case,my view is to accept the 
U damage which in any case would be a small increment 
8 of the damage that nature would be doing in that 
9 area¢ accept the damage under that high loading 
10 situation and fix it up agterwards. 
1. | Q So thatfin that case 
12 you've dealt with, what you really do is monitor and 
13 if necessary take remedial measures? 
14 A We'd go in and fix up 
5 the right-of-way elsewhere. 
16 Q But I take it that -- | 
17 I'm sorry? | 
18 A if, for the normal 
19 case, the conventional operating case, your statement 
20 earlier that we would evaluate and stop instability, 
21. I would say that is correct, yes. 
22 Q And I take it that in 
23 terms of stopping instability -- well let me put it 
24 this way, the options for prevention when you have 
25 predicted a hazard are (1) to re-locate or (2) to 
26, alter the slope in such a way that its stability is 
27 increased! 
28 A Yes, there are a variety 
29 of schemes iisted in the documents. 


20 Q Well now, you have set 
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2 out in answer to the Assessment Group's concern -- 
3 or the applicant has -- a number of stabilization 
4 methods? ' 
5 A Yes. 
6 Oo: And you have given evid- 
fi ence about a number of stabilization methods. I take 
8 - it from what you said in your evidence, speaking 


generally, it's apparent that there are a variety of 
Slope stabilization techniques that have been devised 
and that have been tried and work in non-permafrost 
terrain? 
A Yes” 
Or thm ethe history, or the 


experience of that is as these things go, substantial? 





A Yes. 
Q And that coming to 
permafrost problems for the moment, I take it that 


it's your view that some of those non-permafrost 


techniques can be utilized in permafrost territory~ 
Yr. A Yes. 
Q But I take it that it's 


also from your view, reading your evidence, that modi- 
fied or new procedures may have to be identified or 
have been identified to deal with other kinds of 
permafrost problems! 

A Yes. 

Q And would it be correct 
to say as a general principle,that the actual con- 


struction procedures for many of the latter case 
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Hardy ,Williams 
1 Cross-Exam by Scott 
2 of that stabilization methods, remains to be 
3 worked out and!/there has yet been little experience 
4 in applying them to the kinds of situations that 
3 may exist on this linet 
6 A There is experience with 
7 -- if not all of them, a wide variety of them -- that 
8 we can draw from the practice in Alaska, where slopes 
7 have been stabilized. Also); “part iof Sour*activity 
_ 10 is to interpret what nature does. Nature has stabilize 
11} a large number of slopes,and in fact,if you translate 
12 some of the principles behind the configurations that 
13 we adopt, you'll see that we're learning from nature 
14 as well, so that we draw on these experiences. Also 
15 there are experiences along the Dempster Highway. 
16 Q I wasn't really referrin 
ail to the validity, which I accept at this point, in 
‘a the questioning of the quantitative or qualitative 
_ analysis of instability; but I was suggesting and 
ia perhaps apart from,we can accept Alaska and the Demp- 
a ster Highway, that the actual construction techniques 
ie have been relatively little tested insofar as modifi- 
o Cation of techniques for permafrost terrain are 
aa concerned. 
a A The configurations that 
2% I have in mind eripiitoy well known construction tech- 
a ngues. If the question asks, have we established 
os test sites in the sense that Sans Sault is a test site 
ae for pipelining, have we established test sites to 
30 


demonstrate specifically within the context of this 
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project that various stabilization schemes work, no, , 
that hasn't been done. 

Q I can see thatnany of 
the techniques have been used across the world in 
non-permafrost terrain. 

A Yes. 

Q And you have said that 
some of those will be applicable as is to permafrost 
situations! 

A Yes. 

Q And obviously in those 
cases there may be some experience. You've also 
indicated, I think, that modifications and in some 
cases new techniques are required to deal with perma- 
frost situations and you've told us that you and your 
associates and those working in the field have devised 
those techniques? 

A Yes. Perhaps the problem 
is your use of construction techniques as opposed to 
design concepts. Some of the design concepts are 
new, but they employ fairly conventional construction 
tech niques. 

Q BUC el pute Lo toe “you 
that apart from niasica -- let me put it this way, that 
on the drawing board the design technique may be 
new or modified. The construction technique selected 
may be traditional. 

A Yes. 


Q But DT put 1 to you that 
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bt 


Nh 


the combination of the two actually being done is 
3 apart from Alaska and the Dempster Highway, at the 
4 present stage, a matter that is l&ttle known. 

3 A Less known than non- 


6 permafrost configurations. 
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Q I wonder, we have the slide 
here which represents one of the techniques that you 
suggested, the sandwich technique. 

A M'hmm. 

Q Could you ask Mr. Williams 
-- Dr. Morgerstern, is this -- I take it that the 
technique shown on that slide is a traditional tech- 
nique in terms of design? 

WITNESS MORGENSTERN: 

A - No, well the illustration 
here illustrates several aspects of a sandwich that 
in various components can be used to stabilize this 
type of thawing slope. It might consist of just 
insulation, it might consist of drainage and insulat- 
ion, or a combination of drainage insulation and sur- 
charging. ‘ 

The analysis to support the 
application of this is novel, in that it draws on 
the Gea Fee last few years that you alluded to 
earlier. 

Q Yes. Are you familiar 
with any case where that technique has been used in 
permafrost terrain? 

A Nature has certainly pro- 


duced insulations that have stabilized flat slopes. 


Q Nature is a better workman 
than all of us. 

A Yes it is. 

Q In some cases. What I'm 


concernedabout is leaving nature aside for the moment, 
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because nature created the problem we have to deal 
yo has that technique -- are you familiar with any 
case inwhich that technique has been utilized in 
permafrost areas? 

A The rationale and under- 
standing of this technique is novel. It has not been 
implemented explicitly in practice, or if it has, it 
hasn't been understood the way that we understand 
TU 

Q Well now, just because we 
have it there, you called it in your evidence a 
sandwich, it's really sort of a Dagwood sandwich, 
isn't it? It's more than a -- it has a variety of 


layers, doesn't it? 


A It has a variety of layers, 
yes. ‘ 

Q Would you describe them 
for us? 

A Yes. The components of 


the layers would be a drainage layer, or an insulation 
layer, or a surcharge layer which is the gravel. The 
peat might or might not be present, depending upon 
whether it Slid off or if that's part of the natural 
configuration. 

Q Could I ask one or two 
questions just so I'll understand the diagram? 
Over what length of terrain might that be an appropria 
solution? 

A This would be a solution 


that we think would be used to stabilize thaw 
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induced over any length, where this type of mechanism 
would exist, where planar slides are developing likely | 
along the right-of-way and in glacial lake basin 
soils. | 

Q So it might be used in 


areas that in length were anything from 100 yards to 


5. Or 600 or more? | 





A Well, I doubt whether it 
would be as long as that,but in the order of several 
hundred yards. 

Q Yes. Well now, beginning 
at the bottom, what is the first band, or is that 
the -- 

A This is the naturally 

which 
thawed soil/from the ground surface down is evaluated 


as unstable. f 


Q I see. 





A Then the artificial device, 
so to speak, or the preventative measure, the 
stabilization facility is this sandwich of drainage 
insulation and loading. 

Q I don't understand yet. 

The white band is the thawed area, is Rie 

A Yes, the top of the ground 
is here, this is the top of the peat. 

Q And you're indicating above 
the peat? 

A And above the peat would be 
placed or{top, yes. 


Q Yes. Now, what is the 
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i first layer above the peat? 

2 A This would be a drainage 

3 layer to allow the water that is coming out due to 

4 thaw, to be carried away. 

5 Q Yes. Now, what is the depth 
6 of the drainage layer? 

? A Oh, the order of a foot or 

8 SO. 


Yes, and that would be 


io 
10 








10 gravel? 

il A Sand, gravel, depending 

12 on design. 

13 Q Yes, now what is the dotted 
14 line? Is that the condition of the two? 

15 Cea No, it is a layer of 

16 insulation that would be calculated andplaced within 
Ly the sandwich, if the design indicates that retardation | 
18 of the rate of thaw is helpful. 

19 Q I see. What would the 

20 insulating material be? 

21 A It would depend upon where 
22 you are. It might be prudent to use wood chips if 

23 there's a lot of wood around that you want to dispose 
24 of, but likely it would be a few inches of styrofoam. 
7) Q Yes, I see. Now, what is 
26 the next layer above the insulation? 

27 A It is a granular cap whose 
28 role is to put load on the sliding surface, or potent- 
29 ial sliding surface down here, and it would also be 


30 granular material. 
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Q When you say granular 
material, is that gravel? 


A Sand or gravel. 


| 
wey HENS, Slusarchuk, Morgenstern, Cooper, 
| 


Q Yes. And what depth would 
it be? 
A It would be, the depths 


would be calculated as a function of the slope and 





design requirements, in the order of a few feet. 

Q Yes, I take it that the 
depth of each of those layers has to reflect and res- 
pond to the problem that the slope presents under 
analysis? 

A Yes. The rather interesting 
feature that if you try to stabilize with just the sur- 
charge, you need quite large amounts. If you try to 


stabilizewith just insulation, you need quite large 


of the two optimizes and you get a very efficient 
compact sandwich to stabilize. 

Q Now, in terms of that 
technique which you've explained for me, what is the 
degree of slope or the range of slopes to which it 
would be appropriate, or is it a qeneral purpose 
remedy? 

A Oh,it would be -- it's 
a general purpose wherever planar slides, planar slides 
associated with thawing are identified,so we're 
Pyihking here more gentle slopes perhaps in the finer 


| 

| 

| 

| 

| 
amounts. | 

The analysis shows how the use 

grained materials 
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i Q What sort of degree are 
> you thinking of? 
3 | A Six, eight degree type of slope. 
4 I don't think our three degree slopes are going to prove 
5 to be unstable. 
6 | Q I see. Now, what about . 
| slopes of more substantial gradient than that? 
; A These are mainly in 
9 approaches into valleys and I think that the technique 
aa might have some application there, but buttressing 
ad might be more appropriate there. 
12 For example, the Great Bear is 
3 a case in point, you think of buttress as the right 
14 approach, 
15 || Q Yes. Well, if the buttress 
16 | were not elected as the remedy of choice,to what 
hy | grade can you apply this mechanism? | 
18 ‘ A About, considering the 
19 worst soils that exist in the Mackenzie Valley, if 
20 you are thinking of the finer grained soils, around 
2}. 10 or 12 degrees. 
22 THE COMMESSPONER: 4Dr. “Morgen= 
23 stern, on the diagram that you just showed us, the 
24 word vegetation appeared, and until you explained the 
25 diagram,I thought that was the topmost layer. Did 
26. you say that therewas to be a layer of vegetation on 
27 top of the -- | 
28 | A I did not, but these will 
29 be revegetated. We're advised by the biologists that 





30 the depth that we think might be used are suitable 
























b] 


eis jantel to tice sade a ae : 
re to sqyt ssupeb tripis ,xte A yr! 
ian ct pation ste asqole setped sets xo tnids t'n08 Pe 





| : .oldeseanu "a ot 


suods jsdw ,wot ase T a] 
. / 
$3end nent tnetbexp Isidneatedva stom Xo" asqole 


ci yinism sxs seen? & 
supindoet sits 2nda Ants t bos eyotiev osat esninsortas 


ered? esstxqergas sxom sd tnpinn 

‘at x62€8 tserv0 od? ,ofgeiexs tO! "AF LOR 
jdpix ods es eactisud to Amida voy ,tatoq ai 8869 & 
.doso1gg6 


i ee 


pitaboxttoa sud ,stett deoiteotlqqs smoe aved sApio 
: 


. sestssud oft 21 ,PISW .aSY 9) 
dstiw of eptotio to yhemew oto aa bedselS” Jon! stow 

. Siadouained eins yIqqs soy aso sbsip 

| eds phixnebreno duet’ 4 ; oe 
ti ,velisV atsnexosm off ni teixve tant altos’ Jexow 
bayors ,elios bonisip vent? ef to pabdattt ets coy 


-esotpeb Sf to OL. 


“aeptoM .%0 iMgMOTSeIMMOD! BHT vi  Gmplicr yes 


edd . su betwee tevt soy Yous insxoukh as no \nxete 
elt bexksieve voy lism bas \Ssxsaqqs Acksstepev brow 

biQ .xsysl teom@od af? eew tant Irnipsods ent 
no soltatapsy Yo xeysl # sd of esworerit ama 8 


fh ee _ >> ued = é 


ILiw seolt judd (gon bib T° AO 
sent stulpotoid ef yd boeivbs ot! sW bisa Hs aad 


oidetive ous Bees od dhpim Anis sw 4s 


a 
" Ted > " : 





ALLWEST REPORTING L.TD. 
BURNABY 2, B.C. 











3529 
Clark, Hollingshead, McRoberts, 
Slusarchuk, Morgenster, Cooper, 
Hardy, Williams 
Gr. GExam.by.Seott 


to establish revegation. Of course, in the long run, 
that will contribute but for a short term problem 
that has not been considered. 

MR; «SCOTT: 

Q I take it, Dr. Morgenstern, 


that revegetation would (a) perhaps be inevitable, and 


(b) desirable in terms of stability? | 

A Yes. 

Q And I take it that not 
shown in the diagram except perhaps as a line, you 
would want to add another layer which would be a 
more suitable revegetation medium than sand and 
gravel? 

A Well, it would be part of 
the upper zoning. It would be designed or composed 
in such a way that vegetatation can be established. 

Q So it would not only be 
sand and gravel? What would the top layer be then? 

A Whatever our vegetation 
people need to establish vegetation. 

Q ves 

A I can't give you a compos- 
ition here. 

THE COMMISSIONER: Could I ask 
a question, Mr. Scott? 

Q The usefulness of revegetat- 
ion, assuming it were merely seeding of grass, the 
usefulness of that from the point of view of slope 
stability would be very, very limited, wouldn't it? 


A Yes, this is only a 
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reconstructing or attempting to reconstruct the 


environment, yes. We are not relying on that vegetation. 
Q No, no and since in many | 

parts of the right-of-way, you will be clearing the | 

ground of tree cover, there is no slightest pension 


of achieving restoration except over a_ period of 


many, many, many years? 





A Yes, that's right. 
MRe<-SCOTTs 
Q Mr. Williams, would you 


agree with me that most experienced contractors are 
not very happy with the prospect of having to place 
thinly layered blankets on slopes? 

WITNESS WILLIAMS: 

A If they were paid for it, 
I think they would be glad to do it, Mr. Scott. 


Q Well that puts you and I 


se _ 


in the same camp on a lot of these issues, but I 
take it that -- 

THE COMMISSIONER: You are 
both Wee the world, obviously. 

MR. SCOTT: I was going to Say, 
Mr. Commissioner, that we were both mercenary. 

Q Mr. Williams, I understand 
that contractors, like lawyers, will do what they are 
told, but wouldn't you agree with me that for an ex- 
perienced contractor, it's not a happy prospect becaus 
of the difficulties involved? 

Well don't ask an inexperienced 


COontraccor. 
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A Pyaon' ty know,.Mr.2 Scott. 
If you're getting into the type of the contract that 
might be used on this project, I don't think you want 
to get into that at this time, but the contractor -- 
any contractor would be glad to do what he's paid 
for. 

Now, if he has a contract and 
this isn't included, and you tell him that this has 
to be done within his price, certainly he would be 
unhappy to do that, but -- 

Q I'm not referring to the 
contractual obligation at all. I'm suggesting to you 
that sitting around in a construction engineer's 
club or wherever experienced construction men meet, 
they would commiserate, one with the other, with the 
problems involved in placing thinly layered blankets 
of differring materials in appropriate proportions 
on slopes? 

A A part time contractor 
might take this attitude. A landscaping contractor 
may think it's fine. 

Q Well for a landscape 
gardener, I think there might be no problem, but 
you're not in that business, are you? 

A NoUsix, Lm not. 

Q The diagram suggests you 
May get into it. 

MR. GENEST: Do you commiserate 


with other lawyers when you get a hard case? 
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l MR. SCOTT: I sympathize with 
y) your difficulties, Mr. Genest. 

c' THE COMMISSIONER: Youwlked 
4 into that one. 

5 MR. SCOTT: 

6 Q I want to read you a 

7 paragraph from the Northern Engineering Services 


8 report on slope stability in permafrost terrain, the 





9 white volume of December, '74. It's in the construct- 


10 ion notes -- 
WITNESS MORGENSTERN: 
Ti A Page number, please? 
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1 Cross-Exam by Scott 

2 MR. SCOTT: We noted the page numbers, 
3 and it happens to be one of your bigger reports. I can | 
4 fill in the time by criticizing the index, Mr. Genest, | 
5 but I won't. | 
6 MR. GENEST: I am grateful 

4 | for small mercies. 
8 ME woCOLLA Ii le eat page ia : 
9 and it's paragraph 4, it's called: | 
10 "Construction notes on stabilization." 

11 I might just read the paragraph: 
12 "Tt is anticipated that there will be slopes 
13 that are considered marginally stable in the | 
14 skin flow failure mode, and will require the | 
15 | application of preventive stabilization schemes 

16 in order to ensure stability," 

17 | an d stopping there, Dr. Morgenstern, that's one of | 
18 the things we've been talking about. | 
19 A Yes, exactly. 
a Q | 
21 "However, at this time it is inappropriate | 
a to become specific as to the exact configura- | 
23 ; tions that these remedial measures would | 
24 entail and how many slopes would require 

25 treatment of one form or another." 

26 Now there's no doubt about that, is there? | 
a A No. | 
28 Q 


“2 "This is primarily because there is a lack 
“2 of design input parameters on which to base 


: 


cnn in tl a ance 




































33anee <t-aeont 

Laveanuit-ophg ort Base we eer a al wip a 
as I .es10qgex teepid Woy Io. sno od oF elaine Si Sas 
JabnoD . 7M yxehbat o8F tata ya omks oft mi L152 


sa! now T sud 
fyiersaits ma FT :Tasusip «AM * : fa 
-esipsom Iigme. sot 
i) spsq ts Bl JL :TIOSe smh aw "2 


:sifso ef? \ dqexesteq 274% bas 
" qoidssi Lidsda, no 2eaga notgouazenos™ ~ ’ 
:dqstpeneg eds beox teut toeim T 
seqofe od [siw onads Jett betaqdolsns ai 32” 
edt at oldsde yileatiptem besebienos 925 tedt 
aft oviopex iliw bos ,sbom saplisi weit aide 
eemeanoe noictssifidss+e svidnevetq to aoigeoriqgs 
" voitidets stvene oF Tebxo az = 
to ono 2'tsid ,etedenopreM .1a ,stedd paigqgoss bons 
Tjueds omitlet ceed sy'aw epnit eft 
-YivVOBKe aor A 
Q 
sisiiqorgysoi: al ati emit eid’ 3a .tsvewoR" 
-siupiinod tosxo, eft of en oftisege emoped oF 
| blvow esiuasem Latbanoxt seasit tat emoid ae 
stiupea bivow aeqele ynam wou bas Lissne 
",textons 10 stte% eno to ean 
Sexeda =i ,tert sueds 2dyob on shen 
sou A 
9 
fe: 5 oh ss eae or omeme: 


ALLWEST REPORTING L-TD. 


elas 


BURNABY 2, B.C. 


Clark,Hollingshead,McRoberts, 
Slusarchuk ,Morgenstern, Cooper 
Hardy ,Williams 
Cross-Exam by Scott 
typical designs. While designs could be 
formulated at this time, on the basis of 
conservatively assessed parameters and 
judgment, it is not considered appropriate 


to do so. The finalization of economically 


expedient and environmentally suitable 





Stabilization schemes will require close 





liaisson and discussion with geotechnical, 
geothermal, environmental, and construction 
support groups." 
Would it be fair to say that cae Patt, fone the 
problem to which I've been attempting to allude? 
A I really don’t see that 
as a problem, Mr. eee it sa Leality. This is the 


state of development of this project. What this is 


alluding to is that environmental and expedient 





construction procedures and so on will be integrated 





on a mile-by-mile design. 

Q Let me ask you this. 
What design input parameters are presently required 
so that typical designs can be made? 

A If we were to have to 
design at this instant in time for final construction, 
we would be designing on the worst soils we know, so 


that the further input parameters have to do with 





more site specific sampling and testing from actual 
slopes that have been identified in order to not 
’ needlessly waste these procedures. 


Q Well now, let us suppose 


eee _ 
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that in spite of your best attempts to avoid unstable 
Slopes by route selection, and your best attempts to 
prevent stabilization as a result of your designs, a 


slope failure of one type or another does in fact 


occur! 

A Yes. 

Q I take it that then 
you're in a remedial situation? 

A Nese 

Q Not only to remedy what- 


ever damage may have in the course been done, but also 
in certain cases to prevent recurrence? 

A Certainly. 

Q Now I gather that in that 
situation there will be some kinds of schemes that 


failed 
will be applicable to / slopes or slopes that are 


| 
in the course of failing, and will be used for the 
prevention of instabilityé 

A Yes’. 

Q And the actual procedures 
that will be required to do the remedial slope, the 
remedial work after the failure or during the course 
of failure, although known in concept, are not yet 
worked out? 

A They would rely on 
Similar procedures that are used at the outset. The 
Slope may have been not identified as unstable, so 


that these schemes would be applied. There are other 


alternatives, one might come in to freeze some material 
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and put on surcharges and gravel berms and things like 
that. There are a variety of remedial schemes that 
are in our armory. 

Q When you say "in our 
armory", I take it you mean in yaur armory of con- 


ceptual designs! 





A Yes 
QO Yes. 
A And experience, of 


people that have stabilized slopes. After all, these 
would all be thawed materials, we would be almost 
back to conventional work to some degree. 

q I take it that the 
novelty of that situation is not that the materials 
are thawed, which is common elsewhere in the world, | 
but that they are thawed materials that are moving oy 
° 


have moved on a frozen slopet 





A Yes, we would have 
two prohems, to stabilize the thawed material and 
to stop further degradation of the frozen material]. 
Q Yes, and whatever the 
techniques may be in this kind of remedy situation, 
no matter how widely they have been used in other 
parts of the world and on the Alaska route and the 
Dempster Highway, I take it that relatively little is 
known about their in-site application in permafrost 
terrain’ 


A Certainly the experience 


of stabilizing slopes in permafrost terrain is less 
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1 
2 than in non-permafrost terrain. 
3 Q Is what? 
4 A Is less than in non- 
3 permafrost terrain. 
6 Q Well now, I take it it 
7 is reasonably obvious even to me from what you have 
8 said in your remarks at the beginning of the panel, 
a that the prediction of hazard in slopes and the 
10 design of stabilization techniques is going to require 
11 a great deal of specific geotechnical information abou 
12 local conditions on slopes on the route? 
13 . A Or at least groups of 
14 Slopes in certain physiographic or terrain types. 
15 Q Yes. Well, I'd like 
16 to ask Doctor, I take it it is your view that the 
17 slopes will be analyzed in groups or categories? 
18 A Some will be analyzed 
19 Simgularly; some will be analyzed in groups. 
fi Peon cetnink [~ would expect to have’ to drill all of 
= the 700 slopes that so far have been isolated in the 
= listing again. 
ee : Q Well- let me ask you 
is this: Which slopes will be individually examined? 
ey A Those -- 
ae Q For geotehnical data? 
A A Certainly the steeper, 
zi and the steeper and the higher slopes, the ones in 
si the more difficult terrain types, the ones that on 
30 


preliminary calculation have marginal factors of 
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safety, and which we want to go and evaluate just 
what materials are, what the analysis is in more 
detail. These are the slopes that might intrude into 
an environmentally sensitive area, the slopes that 
might generate, if they moved would generate erosion 
problems. These spectrums of considerations will all 
be employed to pick out the slopes that are worthy of 
Site specific drilling. 

Q So amtI clear that what 
you will do is you will pick out slopes that require 
individual treatment, and then on a group basis or 
group bases analyze various categories of other 
slopes? 

A Yes, and that grouping 
will be our function of our knowledge of the terrain 
conditions. At some locations we will feel that we 
have pretty good knowledge, and others we feel that 
our knowledge is poor and we'll have to go and get 
more data. 

Q Yes, and the technique 
is not only observation but dri11é 

A Yes. - 

Q Now, Dr. Clark, I raised 
this approach to the question with Dr. uoneetataey, - 
who told us, as I understand his evidence, that 
some slopes will be examined on an individual basis 
and others will be examined in groups. Before I 
come to that, perhaps I should ask Dr. Morgenstern, 


how would you characterize the slopes that you 
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| 
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propose tu individually assess? Is it ones that 
appear to be marginally stable, or marginally instable? 
A Marginally -- certainly 
all unstable slopes. Well, not necessarily. The 
Marginally stable ones, the high steep ones, the ones 


where sliding of fine-grained material into rivers 


Might change water qualities, and also it will depend 
upon our knowledge of the ground conditions. Some 
terrain units we have a fair amount of knowledge and 
in other terrain units, less knowledge. So that the 
evaluation of the allowable stress level of a slope 
is a function of the degree of knowledge, so all of 
these are really just repeating. 

Q So would I be correct 
in suggesting that you would want, in order to achieve 
environmental and pipe security, to investigate all 
slopes that are identified as matginally stable? 

A No, I think that we 
could recommend some stabilization measures on a 
conservative basis for many of them, and not proceed 
with further investigation. Te further investigation 
would be to produce more efficient stabilization 
schemes, or eliminate it. 

Q Weld teDr. 4ClLark mand 
rasponse to request No. 19, which is at page 19 of 
the book, 19-4, you say -- have you got it? 

WITNESS CLARK: I'm just 
getting it Mrs Score, 


THE COMMISSIONER: What was 
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that “again, “19? 


MR. SCOTT: 19-4, Mr. 

Commissioner, about half-way through the first 
paragraph you say: 

"All slopes identified as being marginally 

stable will then be investigated by instrument 

surveying and drilling. The location number 

and depth of the drill holes, the frequency 

and type of samples recovered and the extent 

of laboratory testing to classify the soil 

and measure soil parameters will vary and 

will depend on the particular conditions at 

each slope." 
Now what I'm really anxious to know is, is the 
applicant adopting the view of Dr. Morgenstern, as 
I understood it to be, or may we assume that in 
fact a more conservative approach will be utilized 
so that all slopes that are marginally stable will 
be individually examined? 

WITNESS CLARK: All slopes 

that are considered marginally stable in this 
Sense would indicate that certain investigation has 
preceded that classification. A final classification 
of those that are going to be required for a more 
intensive investigation$ for example neeenis time 
we have field programs going that are looking at 
slopes that have failed and slopes that one might 
have thought they should have failed under the 


physical conditions, and these will give us a further 
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2 characterization of slopes in general. We would then 
3 have a reconnaissance and a number 6f features could 
4 go into that, that will determine those that 
5 require final design detail.' 
6 
: is 
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Q What I want to know is the 
N position of the applicant for the purposes of this 
inquiry. Is it a correct statement at this stage to 
say that it is your intention that all slopes identi- 


fied as being marginally stable, will be investigated 


by instrument surveying and drilling? 





A When we have reached that 
point in time where we are ready to initiate the 
‘field drilling program,or field seismic survey or, 
ee eananienticun we will have a classification of all 
.Slopes that are marginally unstable, but they would 
riot include all the Slopes, 700 slopes or so that we've 
listed. | 

Q I Ree that ,7but do 
I have your assurance that the applicant's position 


is that all slopes that are marginally stable or 


judged by it to be Marginally stable, will be ex- 


A I am not sure that we are 
not talking along two different lines. All slopes 
will be examined, there may be a group of slopes with 
very similar characteristics where representative or 
worst casing may be drilled and applied to the 
others. 

Q Well then,I take it that 
the statement that is contained there is not your 
present intention? 

A No. 

MR. GENEST: Well no, that to 


me, is not a proper statement of -- 





| 
| 
| 
amined by drilling? 
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if t MR. SCOTT: How does Mr. Genest 

2 read that sentence? 

3i- MR. GENEST: I think it was 

4 not a question of the time of identification of an 
= > unstable slope, 

‘6 MR. SCOTT: Well, we have Dr. 

aa Morgenstern's view and that doesn't cause me any 

8 difficulty whatever, as to how he would propose to do 
2 it. I think it's been clear and it is evident the 

10 Shy that he would approach the problem. 

ies I'm concerned about the response 
te to the questions. Now, is that an accurate statement? 
13 Piette. Ss not, I'm not saying that one is preferable to 
14 the other, ug Bone know, but I want to know what the 
us intention of the applicant is? 

WITNESS MORGENSTERN: 

16 | court Could I try and reconcile, 
Le perhaps two different sources of information. We have 
18 a table of potentially unstable slopes that have been 
9 selected on a very conservative point of view. Of 

20 that, for example, there are 340 some odd slopes very 
21. gentle inclincation, 3 to 6 degrees, zero to forty 

22 feet in height. 

23 : Our present view is each of 

24 these slopes worthy of individual consideration from 
ao a design, analysis, a judgment point of view, but I 

26 would not anticipate drilling 344 gentle little slopes, 
74 | On the other hand, when we have 
28 gone through the design, and we then are left 

29 even after implementing a remedial measure or a pre- 


30 liminary remedial measure and are still left with a 
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Crs undil. «OY. COLL 


degree of stress mobilization that we think is mar- 
ginal, marginal for security, we would then go out 
and get much more information for each of those cases, 
Q Without carying on unduly, 
you hve listed in Table 1.2-1, 686 slopes that are 
regarded as potentially unstable slopes along the | 


right-of-way. 





I read the response to the 
Assessment Group as assurance that all slopes identi- 
fied as being marginally stable will then be investi- 


gated by instrument srveying and drilling. 


MR. GENEST: 
i¢A MinyScott; salethinkess 
MRen oCOrls 
Q You think that is not 
correct? 
A No, the distinction that 


I tried to draw to your attention here is+«that this 
heading is potentially unstable slopes. These will | 
now be refined, and we will end up from this 686 

with still, after our preliminary design work, some 
marginally unstable slopes. 

I said marginally stable slopes, 
we'll not have any unstable slopes. 

Q Right. ~pAnd,Latake vit at 
the moment, are you in a position to say -- I take it 
you're not in a position to say how many they will 
number, at this time? 

A No, but I anticipate they 
will be numerous. There will certainly be quite a 
few slopes that will be drilled. 


THE COMMISSIONER: I wonder, 


| 
. 
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I'm not quite sure where -- could you summarize what 





you understand to be the effect of what has just been 
said, Mr. Scott, for my benefit? 

MR. SCOTT: Well, Mr. Commission- 
er, I think the dialogue began by Dr. Morgenstern 
explaining the approach to the problem, that is, as I 
understood him to say, that there would be some slopes 


\ 


that would require individual attention, and some | 


that could be attended to,«ifiI.can put:it that,way, 





in classifications or groups, for each of which there 
would be a conservative assessment and a typical 
model, if I can put it that way, a classification 
system. 


But that not all therefore, 


would be individually examined. I then put to Dr. 
Clark, the observation that the Assessment Group's 
answer indicated that all slopes that were marginally 
stable would be examined -- 

MR. GENEST: All slopes 
identified. 

MR SCOTT: oldentified. 

MR. GENEST: And the process 
is that they're identified after the process you've 
just described has been gone through. 

MR. SCOTT: «L'm ‘sorry to hear 
that we have to read the responses with this parti- 
cularity. I may not understand it, but I obviously, 
according to the rationalization now developed, have 
misread that sentence, and I take it that the process 


is that the 686 potentially unstable slopes are not 
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} the same as slopes that are mar ginally stable, and 

2 that of those 686 potentially unstable, there is to 

3 be a break-out of some that are marginally stable. 

4 Q And do I understand that 

5 those will be individually attended to? 

6 A Yes, the -- if I can do 

4 again -- of the 686 slopes, the further analysis will 
8 identify some that are clearly very stable, and it 

9 will identify some that are clearly unstable, and 

is they will be made stable, and we will identify some 
Li that are marginally stable, and they will either be 
1 made stable, much more stable,‘to take it out of that 
13 marginal classification, or they will justify 

14 individual attention in order to -- in order to 
us fine ae the design. 
16 THE COMMISSIONER: Well ,that 
yy) leaves me with only one figure that remains unaccounted 
18 for, 340 slopes. I must have lost the significance 
19 ofothat. 
20 MR. SCOTT: 344, Mr. Commissioner 
26): is I think the precise figure which Dr. Morgenstern 
22 was referring to and is the total number of slopes 
23 which have a 3 to 6 degree Ate On Have I read the 

24 enart correctly? 

25 A And a zero to forty foot 
Fe height. 

27 Q Yes, and I think -- and 

28 a zero to forty foot height, and I think Dr. Morgen- 
P23) stern's point was that insofar as they are relatively 


30 minor, they might not -- they would probably not be 
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i| among chewenas generally that would require individual 
2 treatment? 

34 A We expect the vast number 

4 of these to end up being judged stable. 

5 THE COMMISSIONER: Well, going 


back to the chart that you had on the board here two 


or three weeks ago, do -- you said then that all of 





the slopes of a certain height and more than three 


degrees, would -- all of those together came to your 
686? 

A Yes. 

Q So you're taking the lowest 


category, so to speak -- 
A Yes. 
Q -- of potentially unstable 


slopes, and those are the 344 slopes that'you expect 





that many of those will not have to be examined indi- 
vidually? 

A They will have to be 
examined individually in the office, but I don't 
expect they'll have to be drilled. 

THE COMMISSIONER: Yes, all 
right, I' mith you. 

MR. SSCOTERY ‘Webl, "Mr: 
Commissioner, I plead guilty to not apprehending the 
rationalization. I was unable to distinguish between 
potentially unstable slopes and slopes that are 
marginally stable. I now have that evidence. 

THE COMMISSIONER: Well -- 


MR. SCOTT: They're obviously 
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not the same and they may, in the view of the -- 
THE COMMISSIONER: 

Marginally stable slopes 
are stabler than potentially unstable slopes, or maybe 
they are not. 

MR. SCOTT: One would have 
thought so, but they are included among potentially 
unstable slopes. 
| THE COMMISSIONER: Te thank 0 
understand this nae 

MRS SCODM,: 

Q We had better begin to read 
in detail the replies to the Assessment Group. 

The response, Dr. Morgenstern, 
to the Assessment Group question, and I hope it's one 
that I can understand this time on monitoring, deals 
with -- and I take it stopping right there’, monitoring 
generally speaking, is the process that will occur- 
after construction ? 

A Yes. 

Q Yes. It's question 55. 

And it deals, without reading it, "with various 
techniques for providing for early detection of 
signs of instability or potential instability of 
slopes" on page 1 and 2, and the first sentence of 
the statement, in paragraph (a) on page 55.1 is 
this: 

"Long term instrument 
monitoring will be considered for all slopes 


which could affect or be affected by the 


pipeline or that have some condition that 
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could change during the life of the pipe- 


line to reduce the margin of safety 


against failure". 


The margin of safety begins to sound very like Dr. 


Casagrande , but I'll leave that for the moment. 


'41' nss 


' 


THE COMMISSIONER: : 
Which one is that again, 


orry? 
MR oGOL bere GUS spade (5 si; 


under sub-paragraph (a). 


page, 


MR. GENEST: The bottom of the 


Sir. 
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Q And I read the first 
sentence. Dr. Morgenstern, can you tell us how you 
will decide which slopes to monitor? 

A The slopes that have 
the largest potential for mowement would normally be 
in ieee soils, the steeper slopes, the higher 
slopes, perhaps a slope where there is a potential 
for dramatic river change which could induce toe 
erosion. 

Q I would agree that those 
are definitely the slopes you would want to monitor. 
What I'm really asking is how will you decide which 
those are and designate them? Has that been done or 
will it be done? 

A -—-‘ That will be a mile 
by mile function to evaluate . 

Q By what process is the 
determination made? 

A It would be -- particular 
slopes would be flagged during the analysis process 
When - we're sorting out these potentially unstable 
slopes. We will look at the configuration, we will 
see whether we have -- whether it's a rather unique 
type of slope or whether it's a very common type of 
slope, whether we have more experience with it or less 
experience, whether the implications of movement are 
more severe or less severe and so on. 

Q And would you agree with 


me that your monitoring list will rely very heavily 
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; | 
Z on the actual construction experience as the pipeline | 
3 moves through the valley? | 
4 A We will certainly get 

5 a great deal of information from that, no doubt, but 

6 | the final details of the instrumentation will be 

7 greatly assisted by the construction experience. 

8 Q Yes, so that one would 


hope to have the complete and best list of slopes to 
be monitorednot before but rather after construction. 

A Yes, certainly. 

Q Now what in view of 
that answer, it will be difficult, but what is your 
present estimate of the number of slopes that you 
May want to monitor? Tet us say out of the 686. 

A I would suggest it's 
measured in tens as opposed to hundreds. 

THE COMMISSIONER: Well, some- 
where between 1 and 10, or between 1 and 100? 

A TenS it would be greater 
than ten and less than 100. I can't do better than 
that. 

Q You told us the various 
aspects of the passage of man, by which I include 
construction, can increase the instability of slopes 
from time to time. 

A Yes. 

Q And i take it that 
in this context the kinds of things that have the 


potential for increasing instability are such things 
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vegetation removal and disturbance of the organic 
mat, backfilling of the pipeline ditch on slopes -- 

A Well, that's a feature 
that's been deSigned and has to be considered. It's 
a design consideration. 

Q Yes, but it is something 
that has to be watched because potentially it may in 
certain circumstances increase instability. 

A It may become unstable, 
the backfill, certainly. 

Q And cuts on slopes can 
also increase instability. 

A Yes. 

Q Are there any other fac- 


LOcs, any other factors. of construction that occur 


to you at the moment that can increase instability? 


A Disruption of drainage. 
Q Yes. 

A These are the main ones. 
Q I'm sorry? 

A These are the main ones. 


Poor placement of spoil, building large piles where 
they shouldn't be built. 

Q Can the improper or 
imprudent use of equipment increase instability? 

A Yes, if for example an 
operator drops his bulldozer blade when he shouldn't 
drop his bulldozer blade and strip the organic cover, 


there is no question that that will aggravate thaw 
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and increase instability. 
Q And I take it that in 
terms of construction techniques, it may be a 
Significant factor in dealing with slope instability 
to select one mode rather than another of construction. 

A Diean St t- 

Q Well, for example, it 
might as I think Mr. Williams suggested when we were 
looking at photographs yesterday, it might be desirabl 
in certain. locations to clear trees on a by hand basi 
rather than sending in some gigantic bulldozer ona 
slope. } 

A Generally speaking, 
the construction practice being adopted in this projec 
is very impressive in its contribution to minimizing 
Slope stability problems, thermal degradation problems 
for example in contrast to what is my experience in 
the Alaskan Pipeline project. 

Dut iL, take atrthate that 

Q Yes,/experience indicate 
that the selection of techniques of construction is 
frequently a dominant consideration. 

A This project has selecte 
techniques from that consideration. Be more specific. 

Q I'm sorry a construction 
engineer has various techniques by which various 
tasks can be performed. 

A Yes. 

Q I'm putting it to you 


that in certain cases, looking at slope instability 
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l Cross-Exam by Scott 
é it can be critical which of the various techniques 
3 to do the given job he selects. 
4 A It can contribute, and 
-) I think that this was part of the thrust in this 
6 report, to illustrate the need for geotechnical and 
7 environmental construction people to collaborate 
8 in the fine tuning of their procedures. 
- The reliance on snow and 
10 ice roads is a major contribution in this regard. 
11 Q Well now, in the 
12 responses, question 24, page 2, which is the section 
13 on buried versus elevated pipeline -- 
14 MR. GENEST: 24? 
15 MR. SCOTT: 24-2, referring 
16 to the first full paragraph on that page,‘'the last 


sentence: 
"Applicant does not expect that slope conditions 
which would preclude the burial mode will be 
encountered, since potential problems can be 
solved either by re-routing or slope stahiliza- 
con. " 
Can you visualize any situation where you would 
recommend pile construction on a slope because of 
slope failure hazard to either the pipeline or to 
the environment ? 
A No. The support, the 
frozen ground around the pipe contributes quite a 
Hot to its"owr adntegrity, and I can't at this 


time think of any pile mode that would be intrinsica]] 
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safer from that point of view. 

Q Well now, in what way, if 
any, will the chilling of the pipeline affect the 
stability of slopes, and that's really what I think 
you've just referred to? 

A Thawed ground is less 
stable than frozen ground, and so that the encasement 
of the pipe itself in frozen ground makes that compon- 
ent stable on the slope, while the right-of-way itself 
might be unstable when it's thawing. 

Q Can you envisage situat- 
ions in which the chilling would lead to increased 


instability as a result of drainage problems? 


A Yes’. 

Q How would you propose on 
combat those? 

A By drainage or by 


putting gravel filters on the uphill side. These are 
measures we have under consideration. 

Q Well, you say "by 
drainage". Are you -- 

A Artificial drainage, 
putting in conduits, little pipes on the uphill side 
or by putting gravel filters on the uphill side to 
allow the water to -- 

Q Are you referring to 
the kind of drainage dalchrieuds that Dr. Clark referre 
to, berm breaks? 


A No, no. The configura- 
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1 Cross-Exam by Scott 

2\ tion that I have in mind is the frost bulb impeding 

3 flow through unfrozen ground on sloping ground. This 
4 builds up water pxssure in the sloping ground uphill 
5 of the frost bulb, and aggravates stability, tends 

6 to make that material want to slide and sheer more 

7 than it might otherwise do. This is uphill of the 

8 pipe. In order then to return that material to its 
oS: previous degree of stability, one has to reduce the 
10 water pressures by drainage, by putting in horizontal 
ll pipes or digging little trenches up the hill, or by 

re putting a gravel cap which would allow the water to 

Ws come out without bringing the organics down. 

14 Q And I take it that this 
15 maybe in addition to the berm break-- 
16 A Yes. 


pS) A Yes, that's right. 

20 Q And would these 

21 remedial measures be, if not permanent, long-term? 

Be A Yes. 

23 ; Q And what actual ground 
24 experience is there in dealing with these techniques 
25 in permafrost terrain? 

26 A The soil that we're now 
27 stabilizing is unfrozen soils. The problem is only 

28 serious in the discontinuous zone where we are blockin 
29 off flow in thick components of unfrozen soil, so that 


the principles are just an extrapolation from our 





id Q -- through the bulb 
18 solution that Dr. Clark spoke of. 





ps. 












pitbeqnmi diud +teqa? ofa et bet ber ak, oved tests molt 

eid? .fowoup paigofe ao bageszp soxotiag agers wort 

ilidqu Bruvoty paigole add nt emeseg tetew qu ebliud 
bras ,ytilidss2 esdaveipps bos. ,digd Geosk: edt Bo 
axed isede bas wbile o3 snow labvetem, daddvedem oF » 
ors fo ELidqw et aid? .of seiweedso ddpin at node 


> me . 


7 = 
4 


ee 
Va “ie 
— 


a) 


~ 
a 


Er 


eit oF feltucn tad9 medet.o¢ meds szpbio aI, pegt¢ 


sis soubor od esd ano , wi iiddege 10 sexpsbh evuotvexg 


= 


——— es 


= 3 a a 


} 

| ietnesivom of piictivg yo ,apsaterh yl eerwerstg t9etaw 
| yd to , {iid eft qp aetoues) elstil paippid zo asgig 
: 


a 


<. 


oF sostew off wotls, Bilpow Hoide qe. leyaxp s paittug 


fi. 


10D eBDiaéepio off goinadad tgeddiw g00 emod 


sida asd3 3b ated f Bas "© ] ‘@ ge ifiacs tal 


~-Aseid waed adt of nobdifibs oi advan 
4-4 A 
diva sis dpwoxrih «- ie] a mie 
-to sdega AxelS .2d ted? nolsuiog 
-ctipiu ested  .eex A : > vice 7 
seend, Bitow bad 9 ae ee 


VaseI-pngt .iaenenitsq Jon ti ,ed ssaveset isibemex 


ae i Ei i. tat 





»asY A (=) int®r—® eateees AP 
Suioty LevjsosiDaetw bat Q 


eoupiangss seers fitiw pnileeh ot szadd ek 89 neixeqxe 


; iotezxe2 teovtemteg ab 


wor 9c 'sw aca Lica sa? A we a _ 





i. 










ALLWEST REPORTING L.TO. 3557 
BURNABY 2, B.C. 


Clark ,Hollingshead,McRoberts 
Slusarchuk ,Morgenstern ,Cooper 
Hardy,Williams 
Cross-Exam by Scott 

southerly experience. 

Q Yes, with the addition 
that these unfrozen soils again are founded on a 
permafrost base. 

A Yes; "isdon*tethink* that 
Matters a great deal. We're stabilizing unfrozen 
soi1, 97 PSF a very chick active layer, or material that' 
completely thawed. There may or may not be permafrost 
around it. 

Q Whether it is important 
or not, I take it that there is limited experience 
in utilizing these solutions in a permafrost situa- 
tion, that is in a permafrost terrain. 

A The problem is only sever 

where the presence of permafrost is slight. ‘It is actuall 

most severe when it's absent ,/ possibly more severe when 
it's absent. So we are borderline as to whether we 
have a lot of experience in an Arctic environment or 


not. In my view, it's a natural extrapolation from 


southern techniques northward. 










4 
atiedo#om, bendiepit TOR, eID 
- ‘Seqoo , mecdensprom, Avdovseant2 
emsiliiw, ybise 

Jfaoe2 yd texS~eeo29 


4 






















xoLzibbs od2 doiw , Rex Q 

6 no bebauel® ets nisps elioce nesovtay gent todd 

-oesd Jaoxsam6q 

| jsd3 sAntds 2'nob I .aeY A. . 7 in : 
| . y 

. nesortnma paisiliadssge on'eW .iseb ‘3697p & etetsan 7 ft 
i io [sisessam io ,teyel svisos Aaid? y1ev p 708449 v tos 

| teo0ilamieq ad son ysa 10 yam azedT .bewadd ylateiqnop 
.2£ bayvors 

Ins j.OU 2c 34 ywarisAW O .« . ap 

eonolixzegxs basimil st eased ted? 38 ete I .fon x0 4 
-suji2a daoviemasg 8 at aroiteloe saedt pnigiliazy aL 

. tisvies teortemeq s at al jaft ,nois 

| ' 

dteve ¢vino 2i meidoug, eaT “A 

yWilsuscs vi 3Y .odpile ei seocttawxeq to Ssonsaeigq efz oxetw i 

— yievee. sian wis hewog \: tneads ='ti aenw exever seom 
ew ssftecdiw ox es onifrabuod eta ow o8 -tneeds a'tt 

us #1 soneiteqxe Io tol s ovat eg 
| 

mori nsoidslogeusxe [sivgen 6 2'ti ,wetv vm ok ton is 

one 


‘buswisiton seupiados? cana | : 
a 


! 
> 
-1 

ro | 

~ 
: 

a 

“ 

o 

— 
’ 
\ 

Me 

f 

i 

* 

ms 





Clark, Hollingshead, McRobert3>® 


ALLWEST REPORTING LTD. Slusarchuk, Morgenstern, Cooper, 
oe Hardy, Williams 





Cr. Exam.by Scott 











il Q Well we have a lot of 

2 experience digging basements in the south, but that's 
3 going to eaeebus a little trouble in Inuvik, isn't 

ay) . ate 

5 ; WITNESS HARDY: 

6 A There is experience, Mr. Scott 
7 on the Westéoahe Transmission. 

8 

9 Q Is that the Pointed Mountai 
10 line again? 

LE ’ A Another one. 
n2 Q That's another one? 
a3 Dr. Morgenstern, can you visual- 
14 ize any situation, either engineering or environmental 
aS in nature, in which in your judgment it might be 
16 proven to relocate the pipe or a pipeline’ facility, 
ew such as the compressor station,after the commencement | 
18 of clearing or construction in order to avoid a 
nes) slope that has developed a failure, or that is threat- 
20 ening to fail? 
2Al. WI'NESS MORGENSTERN: 
pave A ierean we think “Of “any 7con= 
oe figuration. We're devoting a great deal of energy 
24 to getting it right before construction. The only 
25 | thing that comes to mind is if we make a mistake. 

| 

26 Q Well, perhaps I can give 
2d you an example. I'm advised that it was necessary 
28 to relocate the Mackenzie Highway on which perhaps 
20 a mistake or two has been made, at the Martin River 


30 near Fort Simpson, because after the clearing and 
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construction had taken place, it was found that there 
was a tendency to permafrost induced flow landslides, 
and as a result, the work of clearing and some of the 
cortruction had commenced and it was decided, I pre- 
sume for mixed environmental or engineering reasons 
that the route should be moved. Can you envisage any 
situation in which that might happen with respect to 
this pipeline? 

A The procedure that we have 
described, the documentation in support of the 
approach to slope stability, I think would have 
identified the Martin River problem for the Mackenzie 
Highway people, and it would have been addressed in 
a more positive manner. 

That configuration is 
anticipated, and we feel that we have anticipated all 
the configurations, but we may be wrong. The Macken- 
Zie Highway could perhaps have drawn onpther advice 
than they did. 

Q Well at least perhaps we 
have come that far since your examination in chief. 
You've anticipated all the configurations, but you 
might be wrong. 

Mr. Commissioner, that frank-- 
ly is all I am prepared to deal with now. I -- 

THE COMMISSIONER: That's hard 
to believe. 

If you are suggesting we 
adjourn, I take it that you want this panel back 


again on Monday, Mr. Scott? 
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J MR. SCOTT: Yes, and I think 
2 Mr. Genest wants them back. I won't be held entirely 
3 responsible. 

4 | THE COMMISSIONER: All right. 
5 MR. GENEST: 

e They will ke glad to be back, 
7 they like this place. 

THE COMMISSIONER: 

gi They are part of the scenery 
9 now. | 
i Well, we 
a will adjourn til 1 o'clock Monday? 
12 MR. SCOTT: Yes, Sir. 


(PROCEEDINGS ADJOURNED TO 1:00 P.M. ON 


MONDAY, APRIL 14TH, 1975) 
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